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ABSTRACT 

Discussions of research efforts in areas supported by 
the National Science Foundation (NSF) are presented. These areas 
include: (1) mathematical and physical sciences (mathematical 
sciences, computer science ^ physics , chemistry^ arid materials 
research); (2) engineering (electrical, computer, arid systems 
engineering, chemical and process erigineer ing , civil and 
environmental engineering, mechanical engineering and applied 
mechanics, and interdisciplinary research); (3) biological, 
behavioral^ and social sciences ( phy si ology, cellular , and molecular 
biology^ en vironmental bi^l^gy^ _ behavioral and neural sc ience s , 

social and economic sciences , and information science and 

technology); (4) astronomical, atmospheric, earth, and ocean 
sciences, including United States arctic and antarctic research 
activities; (5) scientific, technological, and ihterhat ional affairs 
(industrial science and technological- inribvati on, ihtergbverhmehtal 
and public-service scierceand techriolbgy, _ i n terriat ibrial scientific 
cooperative activities, pbl icy research arid analysis, and Science 

Resources Studi es ) ; _ ( 6 ) sc ierit i f ic and erigirieer irig per sbririel arid 

educat ibri; (7 ) cbprdiriated agericy-wide research activities^ arid X8l 
ocean dirillirig. Also included iri apperidices is a summary of the NSF 
financial report for fiscal year 1982, a list of NSF advisory 
committees and panels, a list of patents arid iriveritibris resulting 
from NSF-supported activities, arid a list of National Research Center 
contractors. (JN) 
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Cdier: Sunlight shines on mirror of McMath Telescope at Kitt Peak National Observatory 

{see astronomy section of this report). 
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I3EAR MR. PRESIDENT: 

1 have the honor to transmit herewith 
the Annual Report for Fiscal Year 
1982 of the National Science 
Foundation, for submission to the 
Congress as required by the National 
Science Foundation Act of 1950. 

Respectfully, 




Director, National Science Foundation 



The Nofjorabfe 

The President of the United States 
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Nineteen eii:ht\-iut) 
was \x year t)f"diset)ver\ 
and exeilement in 
seiehee aiid tcehiu)|()i!\ . 
as you svi(l sec in the 
report that lollous. 
In this pi-etaee I uant 
to do t\so things: 
mention sonic NSl -supported aeeoniphshnicnts of the past 
scar and su«jt!est tuture direciimis t\)r the l i)undation. 

il ue loiik at the speetriiiir of research heinjj suppi^rit-"d h> 
NSl : ue liiid scientists scekinii ansuers to hasie cjues- 
lions about lilc and niattcr Ironi beiieath the floor of the 
ocean !«> billions oriij.Mii vcarsaway. I hey are also at the "iop" 
aild ' botttHir' nl the earth, in. the Arctic and Antarctic. 

ut)rk is hcinii <.lone hy individuals, hy inierdisciplinarv 
tcanis. anil h\ uni\ersit\-industry consortia, 

^ oii \\\\\ reail ahtnit I 9S2 achievcnients in detail in this 
volume: but lei me hichliiilil a few here: 



Astnmoniy— X oiSws there is jjreat popular interest in this 
iililcst i)!' tile sciences. Shiall \\oiider. sirice tew i)ther 
tiisciplirics can question so directly the past; present, and 
luiurc oi" the universe, SSI -supportei! astn^noniers 
fia\e now ohserved a radii) source that may he ;i hlack 
hole ai the cchter of the Milky Way. Thev have also 
ct)ni"irnicd the theory that white liw arf" stijrs pulsate and 
dtscmereti possible connections hetween sunspois 
and weather on earth. 



• Alhiosphcru Sdcnics- — Airport weather studies hear 
Denver in the summer of 1982 have helped us understand 
uh\ some major air crashes ma\ hive occurred. 

NV cat her lorecaslers. ;iir lines, aircriif't ai.iii ul.lLturers. 
and others are alreadv applying the results of" this basic 
research project. 

• Physics — |n 19X2 an MIT team showed experiment ally 
tbiit the elect rohiiig tie tic v;icuuhi can he altered, thus 
opening u whole new area of research in the spontaneous 
liecay of particles, jn the world of' grand unijled theories, 
ah exciting development is the possible dhservatidh 

of" a rtiagrietic monopole in 19X2 by an NSF- hacked inves- 
tigator at Stanford University. 
' Chemisiry — Industry and university researchers working 
^)gether developed a new type of chemicaj reactor. 
This riiemhrarie reactor is expected to per lor m catalytic 
processes that need less energy and a smaller capital 
investment than devices now in use. Other chemists have 
been incorporating bortiogenbus catalysts into clays, 
v^ Mich may heeoiiie even m()re usef ul than they already are 
in the manulucture of certain products. 

F/M'.s/ir)/<9^v/C6'//w/<3r and MotecQldr Biology — Here inves- 
tigators made the discovery that DMA, the basic 
genetic material, exists in a .second form— a countercjock- 
uise double helix called Z-DNA. In other genetic 
research, scientists succeeded in not only introducing a 
foreign gene into mouse embryos hut also triggering 
the expression of that gene in the resulting adults. 



ERIC 



8 



Vlli OWU i • i )H S STAT"fcMFNT 



hL-cii jMOi-'icss iii cttoiis tii lUipliciitc iii coiiipiiUTs HiiiiKiii 
tuiicinMis tL-Liictl to vision, spcccli: and uiiileistnrulinp 
l.iiijj u.mjl'. \jrc.niv tlc\cloj>Lti arc rohois tiiat can 
^cll^c ihcir cii\ I roiiiiiciit iliroiiuli iiiachtiic \iMoh s>stcnis 
aiiit l«it;cll sciiMMs. 

• On cifi Si it'fin'\ ( )n af] Pn/lifii: — Occanohrupibcrs niailc 
;iic Miiprisini: iiiul oil ilic ct)asi ^vc^ic^fl Mc\ico 
ilu i Kisl-LM ov\ iMi:. lias- jiriHliici rill haclcna r\isj iii 
supci l;calcJ water conii'ii! trorn ticcp-sca Itv tlrotlicrnial 
vciils Ir. ihc caslcrn ctpiati^rial Pacific, ocjan drill 
ic.tiiis ilt>tii.i! uco|iH\ sica! c\[icriilic;its went alijost Iwiec as 
deep as c'.ei [icii)rc niii) occ^iinc eriisi — nic-icrs 
iu-lovN the sea lloor. 

I hc ( hiilUri^es 

( cria;nlv incsc arc c\ci[iriL: acconiplishnKiits, Bm v\Lt arc 
al^o aware oi some ttuii^ii pr<)hleins ue l.uc In the p;isl, 
\iiicrican science aiid teclinolouv llli'^e hceii the ciUv o\ the 
world, tujl ihev aie ni lri>uhlc now. 

I .rsi. we no Itaii^er iiav e erii)ntih excited, cnlh usiast ic 
ijradiiate siudetits atitl postddetor;il tellows prcpiirifii, tor 
earccrs ni niathcniarics: -cieiicc: and cngincerinp in this 
couiitrv's universities and eoljeties. 

SccoikL we as a naliori are serri)usl> uhdcrinv est irig in 
siale-of-t lle-arl IMsiriiittentatioii arid lacililies i i acadciiirc 
insiiu'tions. 

i liirti. our s>steni of" public education has not prep^ncd 
eiiouiih hiiili school sludeiUs lor scientific trainiiu' ()r. hiorc 
satfl\: rt>r livinc ir. a leelinoioizieal ai*c. 

in a tunc ol eeonoinic transition — and \vitha limited budget 
li>r lederal siippori — liow do we si ihiulate iiinov atioh. iricreasc 
pri>tiU':iiv it > , atul renain overall leclniolocical supcri'^ritv * 

At NSj we arc phinnmu a slr<)ni». \veM-balaii :ed program 
for tile iuturc. "vS c will continue lo supp4>rt a great deal ol vcr\ 
excitilit.' h;isic research, with particular eniphusis oil areas 
i>t iircaiest potential promise to our future ceonoriuc 
wcil-heini! and technologicai capabilities. Other important 
criteria are the sciciitific cxccllelice of an activity, the need to 
siisiam inomenium in certain key a'-cas: and niainicnuiicc 
i>l" a hroa.il base ol" suppi^rt across a wide ariet\ of scientitie 
tiisciplinL>. 

Oiir prt.urini i ir the lutiirc will aiso work to ensure qualit) 
eiiucatit)!! II science and n.athcmatics in our nation's 



sck.( ,aiar> sciiools. Aiid it will strciiL^iHcn rcscarcli irainiii«z lor 
L'iaiUiaie sciclicc aiid ciijiii'.eeriiiji sludeiils in oiir colleLics 
and imucrsiiics. I licsc arc tiie instil ut ions in w inch most Idiiu- 
[crm. iuiulamcntai research is tiv)nc and in w hicH our 
iiiuirc seientists aiiil eiitjiiiccrs arc traiiied. I lie NSf- Uiiiil goal 
of r-csearch and educativ)n inextncahlv links these two 
functions and lias Ictl to the c\ t)lution.ot"our universit> -iiascd 
ssstcii) of KasiL research, j svsiciii tliat has served iis rc- 
iiiarkjblv well, riuis, iii sviniC seiisc. alllUKt the eiUirc 
I otindation b[idgct goes fv)r science and cniiineering cducaiu)n. 

ihc rev iiali/ation of <)ur universities as exciting places to 
coiuiuci research ami traiii iicw geiicratioiis of sciciitists 
aiid eiipinccrs is ;in impi)rtant challenge for this na- 
tion. As part of that rev uali/aluui. we w ill put a hig 
emphasis on hclpint' universities with their cquipineiu needs. 
Ailci" a!l. research iiistr uiijclitativin provides the essential 
means through vvhich the scientist asks Ljucsdons and 
gets answer^ Irom nature. It is of central importance to the 
conLiuct of cutiiiig-cdgc research ill virliiallv ever> field 
of science ind engnieering todav. I ;im prv)ud of the 
ic.idersiiijT role the f t)u idalipn has plascd — and w ilj continue 
to plav~in urging other federal agencies, the private 
sector, aiid uiiiV ersitics w focus oil this major concern: 

1 inally. NS|- expects to see. and hopes to promote,, closer 
coopcratior. hetween universities and industrx in the fu- 
ture. Just as research resulls ill one seientiHc diScipIlhc ofteli 
illuminate a pr )blcm in another diseiphnc. industiv and 
universities working together can shed light on each 
other's piroblenr.. 

U e hav e soilie ai ibitious tasks on our agenda. But w e remind 
ourselves that science and to -h no logy have long been at 
the heart of our economic competitiveness and natioiiul 
security. \\ heiher it be the coriiputer in the business w^irld or 
higii tcchnologv lor national sceuritx, energy, or health, 
scientific discover) and scientifically trained h:aders have 
fuiidaiiieritallv chaiiged arid IrilproScd our lives. Our 
nation must move forward iiui) the l9M()s with a vigor(.>us 
program of research and training. This will assure our 
economic wclUbcihg aiid cdiiipctitiv elicss iri the' vvori^^. :is well 
as a stable and secure defense posture: 

I believe that the nio.st valid, overri<ling goal for the 
1- oiin da ti on to pursue no\^ and .or the lore seea hie future 
eoritiliues U) be hlaii;:aiiling Uie health ;ind vitah'ts of this 
nation's seierieeaiu' engineering enterprise. Wc intend to keep 
working ver\ hard on that agciioa. 
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Mathematical and Physioal Sciences 



Rcsciirch in the malhcniatic;il and 
physical sciences h:is tlic jioal ol' devel- 
oping a t'liiidanlehlal understanding 
til' the ph> sical laws that govern the world 
and the universe in which we live. To Further 
this ohjeclive. NSI' supports activities in 
tfic tlisL.plines of mathematics: compntcr 
science, physics cheniistr> . and materials 
science. Research results in these fields pro- 
vide the underlying knowledge for the future 
lechnoKigical developments upon which 
tnir econoniic and social well-heing depend. 
ThC'\ also contribute much to the intel- 
lectual underpinning of the biological, 
environmental, and behavioral sciences 
aiid of ehgirieerihg. Arid they provide hiariy 
of the research instruments and techniques 
needed for progress in these fields, 

.Vtore speciUcally. research in the math- 
ematical and ph\ sical sciences strengthens 
ihc nation's research capahi!it\ by: 

• Creating new mathematical knowledge 
ahil appL* 'f^M knowledge to achieve 
a better understanding of physical 
uul social pherumiena. 

• Developirig ..j understanding of the 
science that underlies ':()nrpulatjonul 
processes and fornuilating the basic 
principles that gmerii the design of 
coiilpiiting and iiifoi"hlation-handling 
s\ stems. 

• Advancing Rnouiedge of the f'unda- 
inenlal physical laws uoverriirig matter 
and cncrgv: with the ultimate goal ol" 
achieving a unified, scjl-consislent 
explatiaiibn of all physical phenomena. 

• Sliniiilaiing the developnleni of modern 
chcmisirv on a hroail front, including 
cheiiiical syriihesi.s. analysis, dynamics, 
struct lire, and theory. 

• Developing a belter understanding of 



the fundamental principles, phenom- 
ena, arid coricepls that govern the 
physical, chemical, and mechanical 
properties of materials. 

This chapter describes some of the aecom- 
plishhiehts of N.SF-suppoi-ted investigators 
in the niathematieal and physical sciences. 
A common element in the research described 
is the critical dependency of reseai"chei"s 
on the availahiiiiy of sophisticated: modern. 



jCliSRj. Nor would the possihle observa- 
tion of magnetic mbriopoles~a prediction 
Of the graild Unification theories — have 
occurred hiid ultrasen.sitive detection devices 
not been developed. 

4. In chemistry, the development of lasers 
that produce intense radiation has changed 
the "symmetry rules" that were believed 
to govern the sequence of events in a chem- 
ical reaciioii. This radiation, which acts 



state-pf-the-art instrumentation and facili- 
ties, rrbrii the descriptions, it is evident that: 

l:!n the mathemuticai sciences, there 
is a growing emphasi.. on the use of com- 
puters lor niathematieal research. 

2. Recent ■•dvances in computer science 
can bw- attributed to the design of "ex- 
pert systems." which simulate the human 
IhbUght prbces'.s. 

}: High-energy physic:s results, such as 
the detection of quarkanium. would not 
have been possible vvere^Sjt're no such facil- 
ity as the Cornell lilectrbn Storage Ring 



as a catalyst, has bpeiied up new reaction 
pathways. 

5. Advances Iri soph i.sti cat ed. high- 
resolution electron microscopy make it 
possible for materials scientists to image 
the cbrillgUratibn of atbrris arid cluster.s bf 
atoms and to determine their chemical 
coniposition. In iiddilion. the advent of 
pulsed sources of high-intensity .synchrotron 
radiation makes It praCtiCahle for these 
scientists to study structural rearrangements 
under varying conditions on a time scale 
iibl attainable before. 

■ )■ 

r 

table i 



Matherriatjcai and Physical Sciences 
Fiscal Year 1981 and 1982 

(Dbllars in Millions) 



Fiscal Year 1981 



Fiscal Year 1982 





Number of 




Nurriber of 




Awards 


Amount 


Awards 


Amount 




972 


$ 28.27 


910 


$ 30:49 




266 


22.33 


289 


25.74 




427 


72.09 


458 


75.32 




875 


57.62 


872 


61.36 


w 


766 


76:17 


740 


79:93 




3.306 


$256.48 


3.269 


$272.84 



SOURCE Fiscoi Years 1983 'inH 1984 Biidgels to Congress-Justtfication o? E -timates of Appropriations iOuantilatiwe Pro- 
grarn Data TabiesI 
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Mathematical Sciences 



Kcscjrch I'l iiKiilicniatics invi)lvcs ihc 
tlisciucrv liiUl sliuiv ot tllc tornial, iihstrlict 
si met u res {\vM urKlcrlic tuir w Driti. jjiiphasis 
IS on NiriicUircs ni hroad intcMcciLial appli- 
Lahilitv alul those rctVccting niiuliiincntal 
aspects oC iiie real uorlil: Maihcniatics is 
a naiiiral I. ni-uaL'c to liesL'rihe the aLlivitics 
aiiii Lius i»j nature aiul is thus an iiulis- 
pejisal^le Liiuleruj riling o\' seiL-tlee. 

\iatheniJlies has plavcd a ke> role in the 
ilevehipnicnt ot phssieal scienees anil teeh- 
iu>loi!>: the\ ill turii have heeli Ihc uell- 
sprine of much nialheniatics: Thus there 
lias tie\ch>petl a tliscipline of mat hcnialies 
qua riKitheinatres ist>metinies ealleU pure 
t>r anc niatheniaties) ariiJ one of appliCil 
niatheiiiaties. \\ hreh involves the nn)Lleling 
aiui anal\sis ot complex, real-v^orld phe- 
iiiimeiia (StatiMies, as \vcll as the pri^ha- 
hihi\ thcor> thai underlies it. is oh\ io[isly 
a kiiui ol iipplied matheniatics, lioucver, 
this is sueli a distiriei i'ieltl that it is almost 
alua\s dCsCrrhed separately. Statistics 
irnoKes ei>Ileetinu arul proeessinii data 
arul cIcMsuiti niethotls to drau interenees 
I roin Irniited data.) 

Mathematical analysis hegan uith tfie 
imentiori of calculus in the j7th cenlurs; 
il coiiiinues to attract inore hiathematieiaiis. 
hoih pure and applied; than an> other single 
tielii. Si)nic eontinue tt> \vt)rk on elassieaj 
problcniN \vith techniques that would not 
have siirpriscd an I Xth-cehtLiry mathe- 
maiicran. others hring tt) hear tools Iriini 
nioilern algehra ;ind iopo'og\. Cieonietry 
riiiis the i!amut Irrm iliKereniial gecMiietry. 
wliich lius appiiCiitiiHis in relativity theory 
ami general t'iekj thei^ry. ti^ the study 
planes having only Unite nunihers of pi^ints 
{which hits, aiiuMig lUher appllcalii^hs, rel- 
evance to the design of magnetic ci^re 
memories tor computers). The field o\' 
louiulatii)ns involves hiathematical Ic^gic — 
with (obvious relevaiiee to computing 
machines — ;ind the axiomatic theory of 
sets, the apparent paradoxes i^f which have 
stiriUllatect soriie oj'the tlhesl hialhenialies 
of the 201 h century. 

Aigehra and topology are inexiricahly 
ihixed: ttu)|s Iroiii ciieh have heeh applied 
to the other; and the quest lor more toc)ls 
has then inspired suhsianlial advances in 
hoth lields. Moderti algehr^i focuses c)ri 
the study of nialhehUUieal strLietures such 



as groups, modules, and rings. These strue- 
llrres — and the techniques Uset! to slLltl) 
them — give insight inU) other areas of 
maificnialies. such as algehr iie get)nietr\ 
aiid iuimher theory. TofSologv -s. so 
speak, a rcnried kind ofgetiniclrv conccr'ied 
with geometric properties that d.i not 
depend on distance or angle. 

NSi"s role in support ot* hiisic research 
in the niathemalieal seic-nces is pivotal, i he 
Inundation p'^t'^'j^-'e's virtually all ot the 
Icileral tlihdirig tor hasie research iii aigehra. 
numhcr theory; gconiciric and nuidern 
analysis, and foundations. In 'lassical 
analysis NSK accounts tor some ^^0 percent 
of the funding, with the Departments of 
Defense and l-nergy suppjving the halance 
In applii^ mathematics, prohahilily. and 
statisties. the ['oUridatioli gives approxi- 
niately 40 percent of the total f[incls for 
n.isic acadeniic research, In these areas the 
fnogranis of NSh, Defense, and rhergv 
are LOtiiplenieniary. 

Research in the mathematical sciences 
continues to thrive under an expanding 
spL'L'trLirn of sliiiiUli friMii other disciplines. 
W ithin the field, one of the great themes 
of malhematies lodav is the grow ing syn- 
thesis of its parts. .Associatiotis hetweeii 
diverse iireas •iuch as topology and an;(l>sis; 
frnite fields and computalionaj complexity, 
and prohahility and linear prograiiiniing 
are offering Unexpected synergies. Research 
coneenlraling on nonlinear prohlenis has 
led io progressively sharper models for users 
of riiaiheriiaties in other sciences, 

A second; more recent; theme — perhaps 
destined to beetmie a in;')or development — 
is the growing use of computers lor scien- 
tific eiMilpUtalion: This is true both for 
applied mathematics and for interactive 
eimipuling in siaiistres and in pure or core 
inatheiiiaties. 

Ihc following sections describe some 
o\' the areas in which major activity 's 
under way along each of I hese iiiathe- 
miitical tracks; 

The FdUr*Dimehsidhai 
Polncar^ Conjecture 

llenri Poineare conjectured at the turn 
of the century that lopblc^gieal spheres vvere 
the oniy topological manifolds that sjitisilcd 



a sMiMl cHecklisi oi properties krii>wii to 
be eiljo\ed hv scicll spheres this sCenK'»J 
innocent eiuuigh at the (ime. jn tact. 
Poineare originallv made the conjecture 
lo|- the ihree-diiileiisiohal sphere (the siirfacc 
tW a solid tVuir-dunensronal hall); but it 
was shortly generali/cd to those oj anv 
higher iuimber of tlimeirioiis hv appro- 
priately increasing the checklist 01 pri>per- 
lies. ( riie conjeeture IS true arul not ihll'icult 
for the two-dimensional Sphere — i.e , the 
surface of aii ordiliarv. solid, three-vliinen' 
sional hall;) 

Over the next half-centurv the Po in care 
cohjeclure resisted all efforts at pro»)l. 
Several false proofs Were arinoiinced Iirid 
punctured, and a great hodv of algebraic 
ami tuher leehnKiues for tloing topologv 
evolved, ritially. iii ahoiit I *)fiO, Stephen 
Sniale [now at the I riiversiiv ol C alilornra; 
Berkelevj discovered tfiat a proof for llie 
five-sphere and all higher dimcnsronal 
spheres cOuld he oht:iuied hv using soriie 
tif these techniques in a w-av tliat clearlv 
did not appls to the three- or four-sphere. 
I^urilig the past vcai", Michael ff f reedtlKiil 
of the Linivcrsitv of ( alilornia, San Diego 
settled the four-ilimeiisional Poincare 
coiijecture. Iroiiicallv, freetjhiairs result 
now leaves open only the t>riginal tfirce- 
diinenshinal J'oincare coniccture. 

f- reedhiah's proi)f is nov el, and his tecli- 
iliques haVc alreadv led him afitf iMhers 
to proofs of impiirtanl related results. I [r 
techniques he uses draw upon two distihci 
traditions iii topologv. One, dcediilposjlloii 
spaces; comes from the I'exas school; I'c- 
scendeJ from P I.. Moore via R. H. Bing 
iiiid others. Ihe second, algebraic tech- 
niques; is more charaeienstic of the F^rince- 
ton sehot)l td' topologists. I reeclman a 
student of \^ illiam Browder of PrincettMi. 
received his Ph.D. in l^>7.V 

The Uhreasbhable Efficiency 
of the Simplex Method 

Among the manv mathemaii/al con- 
tributions to this nation during \^\HUi 
W ar 11 Was the developnieht of liiiear prv)- 
gramming and its application to a vast 
numner t)f complex problems. I low ever, it 
vsas noi until 194^^ thai Cieorge Daiit/ig. 
in i\ laiidniark paper; inirodueed the so- 
called simplex method for «.oj\ing such 
problems. 

Briefly, liiiear prograiiiiiiihg involves 
management. This management; or decision 
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iiKikiiiui. pcrlliiri to pcrrt>lciini-pr'>(]iiCl 
'.itstriinaio i; autoniohtic pDJucliDn. cco- 
ihunK" JLLisK>ns. ^.iicis. tralTic CDnirol. or 
.\n\ 111 ,1 liost ot problems ihvt)lvihjj a large 
tuinibcr 01 \ j'M.ihlcs: ft is further ct>fnpli- 
^.iieei tn consiraiiUs: 1 aelories ean produce 
oiil\ so iiiariv units" eaeli da\, uHaie'ver 
I heir priuliiels; runvMivs carl haruiie onl\ 
so luanv plaues eaeli liour, regardless ol" 
tiieir si/c. 

In !ihear-prt>graniniihg situations, il elin 
il\\;i\s be shown ihal the nia\itnum level 
>'t eiTeeiiveiiess (i]ualit>, prolu. ei|iMpmenl 
use! c\Kls. \N here, in [)rineiple, one should 
look li^f the best choices is alsD knoun: 
Dani/ig s simplex method does better ilian 
tli.t.t: It prt>Mtles .i computational roadmap. 
I ollowiiig a sequence of relativelv eas\ 
steps; those lismg it can calculate aeeuratei\ 
hi>\\ iticir resources shouUl be m:inaged 
.I'ul what tlicir expected maximum er!cetive- 
nt-ss \\ til he. 

flic simplex method is ideallv suileil lor 
use on computers, ami manv \ er> large scale 
prohlcm^ arc run dailv on high-speed com- 
puters ilirougiunit ihecountrv. Perhaps its 
most reniarkaiile t'eaiurc is its ctTicicncv . 
( oinpider sciehtisis measure ctTicicncv b\ 
(he tiittc it takes to process a given problem 
in ut ;ns ot the number oj" \ ariables in\ oK ctl. 
f -i; .A.iinplc. il a metliotl pirocesses a prob- 
k-ni -^Mih vanalilcs in V niinutcs atui a 
[Moi)IcMi \^nh in variables in 10^ minutes 



and a p'-oblem with 50 variables in 
miiuiie^. the method is saitl to comp^ite in 
polvnofftial YiYm'. 

It. on the other hand, a method rcuuircs 
minutes lor a problem with variables 
and HV° minutes lor oiie vv it h 10 variables 
and 50^° hiinUtes tor one vv itM 50 v;iriables; 
the method computes in exponential time. 
[•xampies have been given to show that 
the simplex method may require expoheniiiil 
lime, which obviiuj^lv can be \erv slow. 
But in practice this phenonienon never 
occurs. The simplex method is, ill fact, 
verv last. 

In a fairlv recent manuscript. Stephen 
Smaic ol' the I'niversitv of C alilorhia. 
Ik-rkelev. using the reasoning of priiba- 
bilitv iheorv; expUiined the method's 
clTectivencss. lie showed that the chances 
ol' coming across a lincar-prdgrahihiihg 
prohlem I'tir which the simplex method 
would require more than polynomial time 
are essentialK nil. 

! \perienced users of the sinlplcX method 
have felt that the time needed for compu- 
tation grows m proportion to the number 
of variables. This is refcrretl to as linclir 
growth Smale's result shows that on the 
average the simplex method is even better 
than that. In fact, it grows hiore slow ly than 
atlv fractional power of the number of 
variables — that is, more. slow iv than the 
square root, cube root, lourth root. etc. 



Computer Science 



Maiiv ol'ihe hn)st I uinjamehlal eoiieepts 
in coitiputer science hrive come from math- 
ematics. \s pointeii out ill the w ritings of 
.lacob Schvvurt/ ol New \'ork I'niversitv. 
this heritage of idelis has aceeleiated greativ 
tlie deveh>pmeiu i)l computing as a practical 
activitv. I \amples are e:isy to cite: 

• (he coniputer indiistrv ciRild hot have 
developed so rapidly without the prin- 
ciples of Boolean algebra creatril in 
the i^Mh century. 

• Boih the universal pi)ssibilii ies ;'.,ui 
die liihits t>f prograiiiniihg vvere laid 
niit al its verv beginning, in the work 
oi Alan Turing and Kurt Or^dcl. 

«• Renaissance algebni ;iiid U)lh-eciitury 
W(>rk oil inairix iilgcbra eolitribiiied 



ERIC 



esselilial concepts and notations towarti 
developing the coniputer languages 
I'ORTRAN and ,\PL. 
• Notituis and techiiii|ues drawn from 
matrix theorv have been absdrbctl 
w holesale bv coniputer science [snd 
have been fundamental to the design 
o\' many high-efneienev algorithms. 

in turn, the young field of computer 
science h;is begun to exert a profound 
ihlliielice oh stihie of the nlt^st significant 
branches ol' mathematics. I'his is bound to 
increase as coniputer .science matures. A 
first aiul liiost tibvidus area is iii nUhlericUl 
analysis: it has been rev tilutit>iii/eil bv the 
advent ol' the ci>niputer us do/ens of new 
methods ol i^iuhierical calculation hiive 
beeli developed. ^ - - 
J. %J 



Surprisingly, sv)iiie ol" the new meihods 
rcK to areas vwirkcti tin liiiig ago by 
ls;i.:. New loll, Karl 1 riedrich Oaass; and 
Adricn l.egcndrc; modern niaihemaiicians 
use meihods thai vvere easily accessible to 
these great classical figures, l-urther. com- 
binatvirics has been affeeled jusi as much: 
i he cv)nipuier inrluence here has been 
strengtheneu bv the fact that iiiahv d^the 
eent^al alg()riihni design- and-aniilysis 
problems o\' coniputer science are com- 
binatorial 111 nature. I hirdly, the possibility 
vif doing extensive sv rlibolic computations 
by computer has rev ived the study of ctm- 
slructive niethods in algebra. It has also 
deepened imd^r^stariding of leehrilqiJes for 
carrying ()ut (;yen such classical processes 
as polv noniial faelori/aiion. 

Research in coniputer science has never 
been hiore exciting than it is today; Ad- 
vances in very large scale uitegralion (VT.SIj 
circuit technology have presented new 
challenges aiid opportunities, vvhich unite 
theoretical, software, and hardware re- 
search. These advances make it possible 
Tor universities, for the lust time since the 
earlv M)5()s: to become active participants 
in research on computer hardware and 
c o 111 p u t e r - s V s I e 111 s architecture. 

.Major areas (>f acadciiiie research include 
algorithmic complex it v. prograni semantics, 
programming hinguages. VLSI design and 
design support, distributed and concurrent 
svstenis; computer networking, software 
engineering, graphics, and artificial intel- 
ligence. The result is a rich intellectual 
eilv ironmcni that has unleashed much 
creative energv among aeadeniie research- 
ers. The topics that follow can be only 
representative; however: thev di> convev 
the sense oi excitenient that permeates 
computer science research. And they illus- 
trate a I'evv ()f the wa\s in vvhich basic 
research in computer science is solving 
both theoretical aiu! praeiic.il probleins. 



Captdring Hdman Expertise 
in Cdrnputer Systems 

C omputcr scientists h.ive been devoting 
eonsuierable lime and elTorl to problems 
111 this area. 1 he terhi ''knowledge ehgi- 
.•leering" has been iised to describe this 
process; the coniputer prograiiis equipped 
with human expertise have been called 
••expert svsteilis." Tvpieally; an expert 
svsieni v^i|| lollovv problem-solving pro- 
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ccdurcs LiscJ h\ hum.tn experts \o help 
nDncxpcris M)ive CDmplcx pri)hlcnis 

lo he UsL'tul, ah expert svsicrn niuM 
h^ivc a kru)\viedce base arid aii ihtcrcncc 
procedure. The knouL-dgc hase eoiisisis 
ol iacis iirid heurisiies (rules of plausihlr 
reasoning and rules of gDod guessing!) 
asNoeiaied with a prohleni; the inference 
proceJure IS a complyx control structure 
tor UsihiZ the k how led^ie hasc to solve the 
prohieni I he )a! is lo achieve a pertorin- 
.iiice -vel k.k,,,,^ irahle to or surpassini! 
thai ol a human expert. 

\o date: conipUler svStenis have heeii 
devek>peJ lo ease prohlem solving in a 
varieiv of k now led^e-hased areas Ai Stan- 
lord I hivL-rsiiv, for example, a team of 
researchers led h) fidward ^ el L^en h;i Uhi 
l as cornc up wiih expert systems to aid in 
medical diagnosis, formulate rules of mass 
spcctror-'eirv . and analy/edata in protein 
cry si allograph V . 

Recent vsork hy Richard Stall man and 
Ciefald SussiKari at Massachusetts Insti- 
tute ol lechnolopv has produced conipUier 
systems that can assist in the high-le\el 
design and analvsi.s of electronic circuit^ 
:\i Stanford Research Internatiorial, K.iri 
Saccrdoti has been working to develop com- 
puter s> stems for controlling robots that 
will be equipped with "human expertise" 
when planning and executing ccvmple.X tasks. 

There is also progress in dupb eating. 
hUrilan furictiohs in the areas of vision, 
speech; and language understanding. 
Kdward Riseman at the Universitv o\' 
Massachusetts, A/riel Rosenfeld at the 
I'niversilv of Maryland, and King-sun lu 
at Purdue have led research projects on 
programming into a computer sensiliviiies 
to depth, space, texture, iirid motion. 

At Carnegie-Mellon tl niversitv ; a group 
of scientists led b\ Raj Reddv has made 
signincant progress in building knov^ledge- 
hascd s> stems lo understand human speech. 
And at jhe University of Pennsylvania 
Aravirid Jo.shi arid his research team have 
been investigating ways for the computer 
io understand and engage in natural lan- 
guage discourse. In a sense, the key idea in 
each of these expert systems is lb put kribvsl- 
edge lo work for .specific human endeavors. 

As ihe field advances,, new problems 
arid issues cbriiiriue ib challenge the research 
community; For instance, most scientists 
riovN agree ihai ihe power and perform- 
ance of ari expert system come frorri its 
knowledge base; not its inference procedure. 
The critical issues concerning knowledge 

o 



are "How does tme acquire it from human 
experts or nature?" and "l-iow can we 
represent it in ihe computer?" 

Cui;relit efforts io solve ihese problems 
have been along the lines of developing; 

• Smart editors that help enter and 
niodilv data on knowledge. 

• Ari intelligeni iriierface between the 
human expert and the computer, to 
ease the Iransj'er of knowlcduc 

• A learriirig *^vsieni ihat ran induce 
facts and heuristics Irom e\.ihiples or 
other sources. 

Harricssirig and extending these research 
eltoris will have a niajor impact on future 
innovation in c.ipluring banian eXpei"tise 
iri computer systems. 

Cbmbihatbriat Optimizatibh 

Combinatorics deals with the arrarige- 
ment, grouping: ordering; and seleciion of 
finite sets of objects. Traditionally, com- 
biriatbrialisis were cbricerned with problems 
of existence and enumeration — to wit: Is 
there a feasible. arrangement (that is, one 
satisfyirig certairi prbpertiesj? If so. how 
man\ feasible arraneenients are there? 

In problems of feasibihty and optimiza- 
uon todav . the exislenee of a feasible solu- 
tion is gerieralK riot iri questibri and the 
number of feasible solutions is irrelevani: 



What is imports 111 is testing feasihiiii> 
efficieritiv, or ilridirig an optima} soluiion', 
wbelber it be brie iii a biJridred or orie in 
an cffeciivelv infinite number of possibil- 
ities. Hence these are essenliallv compu- 
iaiiorial qucsiiiiris. 

1 vpiCal examples Of cohibihaibrial bpii- 
mi/ation problems are those that arise in 
the sequenoi ng and scbedu ling of machines 
and work crews. Here brie is co ricerned 
wiih the allocauon over tiiiie Cif "machines*" 
to activities knovsn as "jobs." The object 
is io get a schedule thai is "optima]" in 
:siinie sense — for exainplc. tb get all the 
jobs done as soon as possible; 

linder a I oundation grant. 1:. L. LawL-r 
of the L'riiversitv of Califbrriia, Berkelev 
undertook an investigation of machine- 
scheduling problems. One objective was 
to develbp better cbriipulalibnal techniques 
for solving these problems; Another aini 
was to appiv the modern theory of coni- 
puiaiibrial cbmplexilv tb ibis broad class 
of problems in an effort to classifv iberii 
according to their inherent computational 
difficulty . 

V\ orkirig with two DiJteh cbllabbratbrs, 
J K. Lenstra and A;H:Cj; RinnoN Kan: 
i A ler developed a systern of classiilcation 
for riiacbirie-scbedulirig problenris; it ericbm- 
passed some 5:0(K) specific problem types. 
Using the computer in a novel way as an 
aid, ibey classified the individual problems 



SIMPLE SINGLE MACHINE SCREDUUNG PROBLEMS 

JOB 1: DEADUNE 6 HOUfiS AFTER START OF MACHINE 
TIME TO COMPLETE JOB -4 HOURS 



JOB 2: DEADUNE 5 HOURS AFTER START OF MACHINE 
TIME TO CbMPtfTE JOB -2 HOURS 

JOB 3: DEAbtlNE 7 HOURS AFTER START OF MACHINE 
TIME TO COMPLETE JOB -3 HOURS 

PROBLEM 1: MINIMIZE THE TOTAL NUMBER OF JOBS THAT ARE LATE. 

SOLUTION: ANY SCHEDULE EKCECT FOFl JOB 3, JOB 1, JOB Z AND JOB 
1, JOB 2, JOB 3 HAS EXACTLY ONE LATE JOB. THESE TWO 
♦ SCHEDULES HAVE TWO LATE JOBS. 

PROBLEM 2: MlNlMl^ THE TOTAL HOURS OF THE LATE JOBS. 

SdLUTjON: JOB 2, JOB 1, JOB 3 IS THE UNIQUE SCHEDULE WHICH 
MINIMIZES THE TOTAL HOURS LATE-IN THIS CASE, 2 
HOURS. 
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.[^. online' tit Liimpk-\,'.; with ahoiit Si) 
pcfcciii Iiuiiui ct>mpiit.ilion.ili\ diiluLilt 
a\]k\ af">v>iii 11) pcrcciii CMinpuUiiioiKillv l\\s\ . 
I lie si;t((i> Hi (he rC'Mi.iiMjne prohlciils 
u >is >»pL'n 

III (lie ClUirsL- oi rcsol\tni» as rnanv oi' 
ilic dpcii prohlciiis lis jiossihlc. Ihc tcahi 
cli»j^L\l .1 uuinhcr ol new et)iiiput:ilu)nal 
procLtiui e^. One t)l (fie iiidnI iiUerestniu 
w.!^ ,1 \\A\ (o solve A prt)bicin iiuoUm^ 
the ■ preem pii \ c " scheduMiiO Of parallel 



In Its search t\)r lundanK'ntal laws gov- 
LTiimL: MUiKer and eiierg\ . the scicnee ot" 
pl1>siLs operates i)\cr a scale that eneorii- 
passes (he most eletnetuary arid rniniisCLilc 
coMsddiLiUs oj iiiaKer and the largest aggre- 
gadon iiiiauitiahle — ihc universe. l^hvsiL'isls 
seek to incorporate all these pheruMiieMa 
nuo a untlk\l (heorv. one hased on detailed 
knowledge of the lundanienlal i'orces that 
act on colli poliCrils iH' the Inicro- and 
niacrow orlds. 

I he 1 oufulatu)fi supports research in 
elenieiitarv -particle ph\ sics: intermediate 
jiul hu\-encrg\ riuclc;jr physics; aloniic. 
molecular, arut plastna physics; griiviiaiional 
pli\sics; aiid iheorelical physics. The I'irsl 
ol these studies the niosi elenichlafy forhis 
ol" matter; it iiiekiLies searches for elementary 
particles and measurements ol" their prop- 
erties and ihteracliohs. These particles fall 
mti> three I'aniilics: leplons, quarks, and 
the gauge particles (carriers of the lorces 
oT nature, including photons. hy potHelieal 
intermcdiaie-\ eclor hosons: and glutens) : 

In the last jew years, evidence i"or a fburth 
(charhij and filth jheauty ) quark has coriie 
}\)rth; A new Icptoit (the lau) was also dis- 
covered, and indirect evidence for the 
cMsteiice ol gluons was observed. There 
aic candidates lor hoUrid stales i)f Iwi) 
gluoris (gluchalls). along with some ex- 
penmeiKal iiidicalh)n that a magnetic 
tilohopoll' aiid free quarks iiiay also have 
been i)bser\'cd: 

Nuclear science, which includes inler- 
hiediate and low-eiiergy nuclear physics, 
is the study of nuclear struetUfe and dy- 
namics and the cfiecls of the substructure 
of heuiroiis and proiohs on the charac- 
lerisUcs of atomic nuclei. One area of 
current e\perimenlai interest centers on 



iiKtchincs with, dillereiu speeds. Miis pro- 
cciiure IS the work tJ C". U. M artel. nt>\\ at 
the l iiivcrsiiv oi C'aliloriiia. Daw.s :ind a 
coiiu cstigaUir \\iih t.awler on his NSl" 
grant; it turned out lo have \er\ wide appli- 
cabiln>. i hc procedure suggested a gen- 
■jrali/aiion of the classical lietwork How 
model: one ot the basic tools of combiiia- 
loria! opiimi/alioii. I his neyv mode) should 
he an elegaiil aiid useful tool to unify much 
ol the iheorv of conibinalofial oplinil/alion: 



the interaction of nucleons at intermediate 
distances. Al longer distances the older 
mesori-excharige theories are still consid- 
ered valid I'or describing nuclcon inter- 
action, and the more recent quark-gluon 
theory is gaining acceptance at very short 
distances: Houever. since neither approach 
can describe the interactions at intermediate 
distances, scientists are striving to design 
experiiiielils lh:U afC sehsitiS'e to this tran- 
sition region. 

Atomic, molecular, and plasma physics 
iiicl tides the study of ground states of elec- 
trons; protons: and neoirons: the properties 
of their. con.)binations inlo_ simple atoms 
and riiolecules [neutral and iorii/ed); arid 
the interaction of those atoms and mole- 
cules with one another and with electro- 
magnetic and other fields. Included for 
study arc the pfopeflies of plasinas. 

Dramatic advances in photon sources 
have occurred in laser technology and 
synch rot rori radiation. M orebver. ibri 
si)ufces. ion trapping. ma:ss spectrometry, 
high-vacuum, technology, and facilities 
developed originally Tor other disciphrics 
are making hew expefinienls possible in 
atomic collisions and plasma physics over 
a broader energy range. 

Gravitational physics fbciises on the 
consequences of Newtonian and post- 
Newtonian theories of gravity, especially 
gerierai relativity. Duririg the past decade, 
outstanding experimental groups began to 
migrate into grayilalional research, bringing 
new arid po'^^^'rlul techriblbgies frbrri other 
llelds. One of the exciting basic research 
challenges facing physics is the detection 
of graviialiorial radiation. Duririg the 
cbmirig decade, cffbrls lb develop gravity- 
wave detectors will mature, causing a major 

Id 



transformation of both the tools and results 
111 this field, 

I iirilly. theoretical physics is the fraiiie- 
wtrrk lor elemeniary-pariicle. nuclear: and 
alotnic physics, two of the four funda- 
mental iorces of nature, the weak arid 
elect rohiagrieilc (orces. were United through 
gauge theories: Attempts to add a third 
(the strong] force, producing a grand uni- 
ted thebry. have led tb the prbfburid pre- 
diction that the pillar of the universe's 
stahility. the proton, is unstable. 

Theorists hope to join the gravitaiibrial 
forcv>ii) the t)thef three: they are exploring 
the possibility that the very high energies, 
where the lorces become unified, can be 
probed by Ibbkirig for as trb physical evi- 
dence of events at the origin of oar tmi verse. 

Some recent results in NSf'-supported 
physics work are highlighted in the pages 
that follow. 

QuarkdhiumandGiuonium 

One of the simplest systems for investi- 
gating the nature ol' the strong fore.; is a 
bound state of a heavy quark arid its ariti- 
qUark. bl'leh referred lb as quarkOriium. 
During the last several years, exciting 
results in high-energy physics have come 
Irbiii studying quarkbriiurri at the Cbrriell 
Hleciron Storage Ring (CfeSR) and also 
from using a large detector called the Crystal 
Ball. The latter has beeri at the Stariford 
Linear Accelerator Center but moved daring 
1982 to Doris, a higher-energy .storage 
ring a I the Deutsche Elektronen-Synchrb- 
Irbri in Harilburg, Cjcrmahy. 

The fundamental forces of nature — classi- 
lled according lo their relatjve slrenglhs — 
are gravitatibri, the weak force, the elec- 
tromagnetic force, and the strong force: 
Recently, the weak and electromagnetic 
forces have cb rrie tb be recbgriized as brie, 
called the electro weak force. The .sirong 
force, mediated by particles ealjed gluons, 
birids together the furidarrieriial buildirig 
blocks of rhaller — the quark.s. 

The nuclear particles — mesons such as 
pions and baryons such as protons and 
rieiilrbris — are ebmpbsed of qiiarks. The 
common quarks — up, down, and strange — 
were joined in 1974 by a fourth called charm, 
which had beeri hidderi iri a riewly discbv- 
ered particle called the psi (a bound state 
of a charm quark and its antiparticie.that 
is sbriieliriics referred lb as ari example of 
eharmbnium). 

in 1977 a particle called the upsilon was 
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* ^^y*!"' J^®s®®'!cher assem bles the CiYStal Ban detector, f brrneriy at the Starif drd 
ypea'' Accelerator (Center in Californja and npw_lbcated In.Hamburg, German^.. I n_r_ecent 
years the use of this detector— an array of 730 sodjum-iodide crystals arranged symnnetrL- 
cally aroand a central hole--has prodQced-Some exciting results in high>energy physics: A 
Key feature is the precision with which the Crystal Ball migasurias the ianergy arid direction of 
a phbtbh (a sniali quantity of radiant energy). 



discovered at the Fermi National Accel- 
erator Laboratory in Balavia, Illinois. 
Later this particle was interpreted as a 
bound stale of a new heavy quark arid its 
aniipariicle. This new qaark was named 
bottom, and the upsilon was the first exam- 
ple of bbltbriibriiurii. 

t harmoniam and boiiomonium slates 
arc mesons and thus are similar to lighter 
mesbris such as the pibri. which is also 
composed of a quark and antiqUark. An 
important difference is that in pions the 
binding energy bf the quarks is large com- 
pared to the qUark mass, whereas for the 
psi and upsilon the reverse is irae; As a 
result, the quarks inside a pion move at 
speeds close to arid riiust be 

treated reiativisticaliy: 



The cbmplicalibris bf the ihebry of rela- 
tivity can be jg no red in cdrisideririg the 
slates of charmonium and boltomoniam 
where the quarks mbve mbre slowly. Indeed, 
a rich specirum bf states has beeri predicted, 
with transitions taking place from those of 
higher energy to states of lower energy 
with emissibri bf a phbtbri. Iri this way 
quariconium is similar to the simple hydro- 
gen atom or to posilronium. a bound state 
bf ari elecirbn arid pbsilrbri. Similarly, 
studies of quarkonium are revealing the 
nature of the interquark. or strong, force: 

Trarisilibris frbm bne charmonium state 
to another with emissibri bf a phbtbri have 
been observed; most of the exhaustive 
data coming Jrom experiments using, the 
Crystal Ball. The irilpbrlaril feature bf the 



t'rysial Ball is the prccisibri with which 
the energy and direction of the photon 
are riieasurcd. 

in 1982 the Hi-st evidcricc lor a bbltbrii- 
onium transition was observed at Cornell, 
using a device called the Columbia Uni- 
versity-Stbriy Brook (CUSB) detector. 
Corneirs electron storage ririg has the 
optimum energy range for producing bot- 
ibrribriium, and the Crystal Ball should 
be able lb observe other bbtibriibriiurii 
transitions. 

Finally, although the interest in quark- 
briiurii has beeri based bri the close parallels 
with positronium, there is one way iri which 
the strong force and electromagnetic force 
differ. Whereas phblbris— the carriers of 
the electromagnetic force — cariribi fbrrii 
bound slates with each other, glaons — the 
carriers of the strong force — can ard are 
expected to do so. Bburid stales bf glubris 
are called glueballs or gluonium: 

A specirum ofgluonjum is expected. 
Receril data frbm the Crystal Ball have 
revealed two strong pb.ssible carididate.s 
for gluonium: the iota and ihela particles; 
These stales were ob.se rved in psi decays 
and were uccbmpanied by a phbtbri. Much 
more data are needed before more definitive 
slaleriierits about the glueball nature of 
these new stales are pbssible. At this writing, 
though, the prospects arc good. 

Some Implications of 
Spontaneous Decay 

Almost every particle or conglomerate 
bf particles existing in nature is unstable 
bri sbrile tiriie scale. Apparently without 
requiring any external perturbatibris. excited 
atoms emit photons and pass to lower 
eriergy stales; nuclei and molecules split 
up into constituent, parts; arid eleriieritary 
particles decay into some set of other ele- 
mentary particles, most of which will in 
turn uridergb further decay. Despite the 
fact that these different systems decay via 
quite different mechanisms, they all appear 
to db sb with the sariie type bf time depend- 
ence: The probability per-unit-time bf a 
decay is constant, with the value of the 
cbristaril deperidirig bri the .system being 
madied: 

Our best understanding of this process 
cbmes iri systems, such as albms. where the 
proc^ is elwirbmagrielic iri brigiri. Iri that 
case, the theory of quantum elect rody nam 1^ 
(QEDj can be used. QED does tell us that 
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mudh = elemehtary with a mass about 200X an etectron's 

Nar= sodium iodide. In layers 




inner strip 
chamber 



CySB detector. A schematic yieyy_gf th_e Columbia Unjyersjty-Sto.ny Brook detector shows that it is essentially split into four quadrants. This 
deteclor. along with Cornell University's electron-pasitron storage ring and the Crystal Ball described earllei'. is an example of the modem 
instrameniatlon that scientists increasingly rely on for advances In theii' wbi'k. 



unstable panicles can decay with the sioiple 
lini^^ d^P^ndcncc that is observed. Howeier, 
QHD also indicates that many other iypt^ 
of time dependence should be possible; 

Since no other type of decay has ever 
been observed, it is possible that some 
aspect of the QED theory of spontaneoQS 
decay is incomplete or incorrectly under- 
stood. Because QED is used as a model 
for theories of weak and strong interactions, 
and because systems that decay via those 
interactions |nuclei and elementary parti- 
cles) seem to do so in a jiarallel fashion 
to atoms, it is important to understand 
more fully the implications of the QED 
theory of spbritariebus decay. 
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Even more generally; spontaneous decay 
is an aspect of one of the central concerns 
of mbderri physics— the study of irreversible 
processes. There are Intimate connections 
between the elementary decay process and 
ihermbdyriariiic irreversibility, but in gen- 
eral these cbnnectibhs have never been 
tested experimentally. 

Fundamental experirnents on spontane- 
ous decay are hard to carry but. The decay 
results from an interaction of the atom 
(molecule, etc.) with the electromagnetic 
vacuurn, aiid researchers generally have felt 
that the characteristlai of the vacuum could 
not be altered, in l982» however, Daniel 
Kleppner arid his assbciatcs_at the Massa- 



chusetts institute of Technology showed 
experimentally that the electromagnetic 
vacuum can be altered, operiirig a whole 
new area of research in spbritariebus decay. 

This new work is based on the known 
fact that a cavity can alter the distribution 
of phb tori states frbrii its free field value. 
For example, an atom in a cavity having a 
broad-band response to the atomic decay 
frequericy should decay rribre rapidly than 
a free atom: And an atom in a cavity that 
does not respond to the decay wavelength 
of the atorri should riot be able to decay. 

The difficulty uri til recently hais been 
that cavities could not be built to respond 
to frequencies cbrresporiding to iikely 
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atomic decays. liowcvcr. increasing sophis- 
tic;iiiori in ihc'producliori of high excited 
states of atoms Has niade it possible to 
find very prohahle atomic decays at wave- 
lengths where highly-tuned cavities can 
he produced. 

I'sing this technique: the MIT group 
has heen able to show inhibited absorp- 
tion ol" radiation, which ihebrelically irriplies 
the existence of inhibited decay: Future 
work will he directed toward efforts such 
as ( 1 j direct ohservation of inhibited, arid 
everittially torhidderi. spbritariebiis decay 
and [2] a transition of the generally irre- 
vcrsihle decay process into a reversible one 
vvhven onlv a single cavity rribde interacts 
vvith the a to hi. 

Detecting Gravity Waves 

Ciravitation was the first physical force 
i'or which a fundaniental theory in the 
modern sense was developed. I.saac Newibri 
described gravitation as an action-at-a- 
distaticc force exerted helween pairs of 
masses and having no independent dy- 
namical degrees of freedbrri. For alhibst 
tv^o centaries Newton's theory was the 
paradigm for developing theories of other 
physiciil pheriorrieria. 

Toward the end of the last century: James 
Clerk Maxwell, building on Michael Far- 
ada\ s experiments, developed a uriified 
thebry rif electromagnetic phenomena: To 
do this: he had to abandon the pr*;vious 
mode ol" description and use a new orie. Iri 
this hew iiia ririer of expressing physical 
phenomena: force fields acquire independent 
dynamical degrees of freedom that c_a ri 
transport energy, monierilum. arid arigular 
monienium through the vacuum with a 
deilnite velocity, that of jight. This theory 
not only uriified the descriptibri of electrical 
and maghelic phenomena but ultimately 
encompassed the physics of optics, radio* 
x-rays, gamma-rays, arid cheriiical valerice 
Ibrces. ariibrig others. 

In 1905 Albert Einstein concluded that 
Newtonian mechanics had to be revised. 
But the idea he developed, now kribwh as 
special relativity, was not compatibie with 
Newton*s formulation. The general theory 
of relativity, which Eiri.sleiri published iri 
1916. ihcbrpbrated the successes of New- 
tonian gravitation theory with regard to 
the motion of the planets. It predicted, 
however, three subtle deviations: a slight 
dcfiection of starlight as it grazes the sun. 
the precession of the perihelion of planet 
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Mercury, and a shift to the red of the 
spectral frequericies bf light emitted by 
atoms on the surface of the sun. All three 
effects were observed and are as predicted 
by. the new theory. 

Urilil recently, brie hovel feature of the 
new theory of gravitation has been largely 
unexplored: that the rclativi.stic gravitational 
field rriusi have irideperiderii dyriarriical 
degrees of freedom which can propagate 
energy, momentum, and angular momen- 
turn through the vacuurri. Gravilalibrial 
radiation must exist, but formidable tech- 
nological obstacles have impeded the obser- 
vation of this effect. To observe the gravi- 
lalibrial radiatibri jjrbdiiced by the explbsibri 
of a supernova in our galaxy, it would be 
necessary to detect the motion of one end 
of a rrieter-lbrig alurriiriurri bar lb ari accu- 
racy of better than onc-ten thousandth of 
the radius of a proton. 

Groups at Stanford Uriiversity, the Urii- 
versily of Maryland, arid Lbuisiaria State 
University expect to attain such incon- 
ceivable accuracy in 1983. There is also 
ari expeclaiibri that, wiihiri the riexi several 
years: detection devices under development 
at the California Institute of Technology 
arid the Massachusetts Irisliiuie bf Tech- 
nology will be able to observe motion no 
larger than one-millionth of the radius of 
a proton. This will op>eri a riew astroribrriical 
wiridbw bri the liriiverse. since gravitational 
radiation can penetrate the dust-filled 
regions of galactic nuclei — which are irii- 
perietrable to light. 

Monopoie-Oatalyzed 
Nucieon decay 

Grand unified theories, which try to unify 
the b'isic forces of riature, predict a riurri- 
ber bf exotic pheribrileria. Orie bf these is 
nucieon decay — the spontaneous disinte- 
gration of a proton or neutronln an atomic 
riiicleus irilb lighter piirlicles. These wbuld 
include electrons or related particles: 
Nucieon decay, for which numerous cx- 
peririierilers thrbughbul the world are 
searchirig, would tend in the long run to 



the dissolution of the universe as we know 
it, si rice all riuclear riTaller would cease 
to exist: 

Another striking prediction of grand 
uriified theories is the riiagrietic riibriopjole— 
a particle siirrburided by a magnetic field 
that decreases with distance from the center 
of the monopole. The monopgle is a riiag- 
rietic arialog bf the farriiliar electric pbirit 
charge, which is surrounded by an electric 
field that decreases vyith distance from the 
charge. While particles which are apprbxi- 
ffiately point charges abound in nature, no 
magnetic monopole has ever been definitely 
observed. However, exciterrieril has beeri 
gerieraled by the possible observation of 
such a monopole by Bias Cabrera in a 
Foundation-supported e_xperimen t at 
Stariford University iri 1982. 

A recent discovery 1*^ that the magnetic 
monopoles predicted by grand unified 
theories should act as catalysts for riuclebri 
decay. That i:s, when a monopole strikes a 
proton or neutron, it should cause that 
particle to disintegrate iristantly. A riibnb- 
j..)le, passirig through a large detector in 
which the infrequent unassisted nucieon 
decays were being sought, would suddenly 
cause a whble slririg of such disiritcgra^ris 
in nucleons about one foot apart: fliis 
prediction is based on theoretical worK by 
V. Rubakbv in the Sbviet Uriibri arid NSF- 
supported research by Curtis Callan at 
Princeton University. Related important 
work on riib rib poles has vlsb beeri dbrie by 
Frarik Wilczek at the NSF-sUpportcd In- 
stitute for Theoretical Physics. University 
of California, Santa Barbara. 

All this research has shbwri that the two 
striking predictions of grand unified the- 
ories — magnetic rnpnopoles and riuclepn 
decays— are actually related. It has alsb 
opened our eyes to the extremely rich struc- 
ture of the magnetic monopole. Close to 
its ceriter, this rrioribpble pbssesses riot 
brily a magnetic field but a complex cloud 
consisting of exotic forms of matter and 
energy, it in this rich, cbriiplex structure 
at its cbre that eriahlcs a itibnopdlc to cat- 
alyze nucieon decay: 



Chemistry 



Chemical reactions involve, the change are fundamental in every aspect of our 
of brie siibstarice iriib aribiher. Such changes lives, frbm the way bijr bbdies su.slairi lis lb 



18 



MATHEMATICAL AND PHYSICAt SCIENCES 9 



incchaiiisriis Cor hi an U fact j ring industrial 
products. Nearly every mixture of chemicals 
can react in diverse_ways to yield several 
differerii products. The power lb cbrilrbl 
the opteontc oi i chemical reaction — a 
vital concern in .ill areas of chemistry — 
iiivblves the abilji\ to rriahipulale the pos- 
sible reaction pathways. 

The conflicting needs involved in, gen- 
erating a reasonably rapid but specifically 
selective chemical reaction produce some 
of the most important demandr. on the 
Lheiiii.st'.s experli.se. This is true whether 
the area is catalysis, phdtOLhemistry, elec- 
trochemistry, theory, or any of a multitude 
of disciplines that make up the field. 

Reeent_ advances have improved both 
the .specificity and speed of many catalytic 
reaetions. Manipu!atr>n of cherriical reac- 
tivity to achieve the isolation and separa- 
tion of new materials with almost any 
conceivable predeterrriiried property is 
coming clo.ser to reality: This is a resalt 
of progress in metal complex-ion catalysis 
arid iii new experirrierital techniques such 
as photocheniistry (Including laser selective 
photochemi.stryj. 

New abilities to determine the composi- 
tion and structure of solid surfaces have 
generated knbv\ ledge that can be applied 
t() heterogeneous catalysis. It is in this area 
that most practical applications can be 
anticipated. Light can also be used as a 
cheriiical reagent or catalyst either lb open 
or to block specific reaction pathways; 
Recent advances in laser capabilities have 
enabled ehertiist.s tb increase their abilitie.s 
greatly in this area: 

Mariy reactibri.s can be cbritrblled by 
electrochemical means: The ability to obtain 
reaction specificity by altering an electrode 
.siirfacc has recently opened a spectacular 
array of chemical possibilities: The com- 
bination of Mghl absorption and electro- 
chcrriistry is another active area of research 
vvith tantalizing applications tb sblar energy. 

A critical aspect of mariipulatirig chem- 
ical reactivity is the increased theoretical 
understanding of reaction mechanisms 
and rates. There are now accurate model!; 
lb predict the energies of mblecules in the 
course of a reaction and their motion along 
reaction palhs_: thi.s has enabled chemists 
to pi^edict confidently how tb cbritrbl reac- 
tion:s; it has also provided a framework 
i'or the interpretation of experimental 
resijjt.s. CbritihiJed experimental arid the- 
bretical research into the precise details 



bf i-eactibri paths will further bur abilities 
to control the coarse of chemistry. 

Catalysts from Clay Minerals 

For millennia people have used clay 
minerals to manufacture useful products, 
arid the pbieritial of clays is apparently 
far frbril exhausted. Twb Michigan State 
scientists are incorporating homogeneous 
catalysis into clays, which may become 
useful iri the riiariufacture bf fuels, drugs, 
and other chemicals: 
_ The Michigan State researchers — chemist 
Thbriias J. Piririavaia arid soil scientist Max 
Moriland — are studying the reactivity bf 
metal ions on the intracrystal surfaces of 
clay mirierals. The swelling clays known 
as srilectites ai-e riibst easily riibdified by 
metal ions to form asefal catalysts: Early 
experiments have shown that solvated metal 
ibris bri clay riiirieral surfaces cari be as 
mobile and reactive as metal ions in sdlu- 
liqn. This initial discovery makes it possi- 
ble to do solutiorilike reactions iri the solid 
state and eliminate a hbst of prbblenis 
associated with soluble catalysts; 

Fixed catalysts— those in the solid state— 
gerierally are preferred over catalysts iri 
solution in large-scale industrial reactions: 
They are easier to handle and_require less 
experisiye capital equipriierit. But the drug 
t-bOPA, useful in the treatment of Parkin- 
son's disease,, is now manufactured using 
a sblutibri-phase rhbdiurii catalyst. By 
binding the rhodium compburid tb clay 
surfaces, the Michigan State scientists can 
ea.sily recover the precious metal so it can 
be u.sed bver arid bver agairi.. 

By fine tuning the structures ofxlays, 
the reactivity of metal ions on clay surfaces 
cari be riibdified arid structures cari be 
tailored so that only molecales of a certain 
size or shap^e can come in contact with these 
catalysts. Size br shape specificity is the 
key tb designing new, more efficient cata- 
ly.^its for chemical processing. Recently, 
Piririavaia arid Mortland have used metal- 
ibri clusters as mblecular pillars belweeri 
the clay sheets. The clusters expand the 
clay arid expose the large iriternal surface 
area bf the riiirierals. By cbritrbllirig the 
size and spacing of the pillars, the scien- 
tists can_ manipulate th'e size of the pores 
iri the clay structure; they cari theri get 
pores larger than those afforded by con- 
ventional pelroleum-reilning catalysts. 

Use of pillared clays for catalytic reac- 
tions bf large petrbleurti ri1blecule.s is bf 



cbrisiderable interest, sirice rriost of the 
larger molecules in petrbleurii go lirirefiried 
for jack oi suitable catalysts, ending op as 
asphalt br low-grade fuel. Through the use 
bf pillared clays, appareritly everi the larger 
molecales can be converted to more useful 
high-energy fuels and petrochemicals. 

It alsb seeriis possible that through future 
experi mentation pillared clays riiay be 
used as dispersing gents for agricultaral 
cheriiicals. Wheri applied directly to soil, 
some pesticides rapidly decay br wa.sh away, 
wit!i only a small percentage of the pesti- 
cide being effective in controlling weeds or 
insects. By stabilizing pesticides bri piljared 
clays it is possible to control their release 
into the_ environment and make th'^m 
mbre efficierit. 



Photochemical Reactivity 

Chemical reactions caused by light 
(known as photochemistry) have been 
studied for mariy years; however, the de- 
liberate design bf molecules that cari change 
their geometries and reactivities when 
exposed to light of a particular color is 
new. Wheri light eriergy is absbrbed by a 
molecule, a more energetic molecule is 
produced in what is known as an **excited 
state." If the rilblecule is prbperly dcsigried, 
it can then put that energy to good use. 

Jeffrey I. Zink at the University of Caii- 
forriia. Lbs Arigeles has cbrrie up with a riew 
method of Using light to alter the geome- 
tries and reactivities of inorganic molecules. 
Orie of the excilirig riew developments re- 
ported by Zink's grbup is the prbductibri 
of an efficient catalyst using light: The 
precursor to this catalyst is a metal com- 
pburid with riitric oxide bbrided to it. 

The most important results were obtained 
using molecules which, in the absence of 
light, have a liriear bbrid betweeri the riietal 
arid the nitric oxide. The UCLA group 
reasoned that after light is absorbed, the 
georiietry would charige to piroduce a berit 
bbrid betweeri the metal arid the nitric bxide. 
The linear form of the molecule is relatively 
stable arid cari be stored for long periods 
bf tiriie; hbwever, the berit fb rrii, which is 
produced by the light: is very short lived 
(less than one-millionth of a secjondj and 
very react+ve duririg its short lifetiriie. 

The key to the design and use of this 
molecule as a pholocatalyst is that after 
reactibri, the short-lived species returris to 
its original, linear form. It is then ready 
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to .iHsorH iiiorc light, becbme reactivated, 
;ind carry oot the new reactions; 

in the niost important study, the catalyst 
was dissolved in cyclohexehe under brie 
atmospheric pressure of hydrogen gas; 
VViicn the mixture was irradiated with visi- 
ble light, the hydrbgeri gas reacted with 
cyclbhcxcrtc to prod lice cyclbhexane: This 
reaction is not observed in the absence 
ol* cither catalyst or light. More than a 
thbiisarid molecules of cyclbhexane are 
priiduced before the metnl catalyst is de- 
stroyed by a competing si_de__ reaction. 

The overall goals of the UCLA research- 
ers are to develop the theoretical rules that 
govern photochemical reactions and apply 
Uicm to important chemical problems. 
The short-lived species produced when light 
is absorbed have new properties: and the 
reactions they undergo, are governed by 
new rules. In the case of phblbhydrbgeria- 
tibh catalysis, the theory of the geometrical 
distortions and the resulting new properties 
were derived. Using the theory as a guide, 
the tearii designed rtiblecules lb carry but 
the predicted new reactions. Developing 
the rules of photoreaclivity and designing 
iicw systeriis to cariy but impbrtaril rcac- 
lions {inclnding solar energy conversion 
and storage! present exciting areas for 
future research. 

New Chemica j-Reaction 
Pathways with Lasers 

The availability bf iriteri.se laser radia- 
litiii (power density greater than a million 
watts per square centimeter) has opened 
the door lb a wealth of riew' and exciting 
chemical phenbmeria. One cla.ss bf .such 
phenomena deals with kinetics and the rates 
at w hich chemical reactions occur. Chem- 
ist Thbmas K. Gebrge bf the University 
of Rochester and his coworkers have sug- 
gested that intense laser radiation can 
iiiteract directly with the dyriariiics bf a 
cheniical reaction to alter reaction path- 
ways or create new ones, jeading to products 
that are inacces.sible iri the absence of radi- 
ation. It i.s especially .sigriificaril that the 
energy of the radiation not be restricted, 
so it must be tuned io the energy levels of 
i-eaclaril.s ^"^r of pi-bducis. 

With NSh" .support, George and his re- 
search group have theoretically explored 
the feasibility bf a variety of la.ser-iriduced 
chemical fate prbce.sse.s. The.se prdce.s.ses 
include energy transfer, .simultaneous bond 



breaking and bond formation, and ioniza- 
tion in gas-pha.se molecular coHisions. While 
riiost of the la.ser-iriduced processes involve 
the ubsbrptibri bf i"adiatibri by the chemical 
system, .some do not: hence the radiation 
can be viewed as a catalyst — it.is recovered 
iri the .sariie aniburii after the reaciibri 
is over. 

Two specific effects of the inten.se rudia- 
liori on a cheniical .systerii are worth noting. 
Kirsi, the radiatibri can change what are 
known as "symmetry rules" that govern 
the course of a reactio.i. The reason for 
ihi*". ... hat the radiatibri eriable.s ihecherii- 
ical system to change its angalar momentum 
in a way that is often difficult or even 
iriipbssible without the radiatibri. Secbrid, 
the radiation can Ibwer potential energy 
barriers to certain sets of products, opening- 
new reaction pathways. 

One bf the processes .studied i.s the reac- 
tion of fluorine atoms with hydrogen mol- 
ecule.s to form hydrogen Duoride (HFj,_ 
Thi.s i.s the reaciibri used a.s the basis bf 
the H F chemical laser; most of the hydrogen 
fluoride is formed in its .second-excited 
vihratibrial level, arid la.sirig resulLs wheri 
thb.se molecule.s release energy to drop to 
their most stable ground state. By shining 
light from a neodymiurii:gla.ss laser on the 
reaction sy.sterii, where the radiatibri i.s nbt 
resonant with either the reactants or the 
products, it i.s possible to alter the reaction 
.sb thai the third-excited vibraiibria! level 
of the molecule is more populated: This 
has interesting and potentially useful con- 
sequericcs for the mecharii.srii arid character 
bf the HF chemical laser. 

Recent laboratory experiments .seem to 
have cbrifirrried .sbrrie bf the gerieral pre- 
dictions made at Rbchesler. Research must 
still concentrate on the simple .systems of 
several atoms in order to understand fully 
how the irileri.se radiatibri irileracl.s with 
chemical reactions: Bat eventually the mech- 
anism of some reactions involving large 
[e.g., brgariic] riiblecule.s riiay be cbritrolled 
by illuminating their reactions with light 
of the appropriate color. 

eheml^cally Modified 
Eiectrodes 

Recent re:search on chemically modified 
electrodes, has been done by Royce W. 
Murray bf the University bf North Carb- 
lina, Chapei Hli_l._^1urray has developed 
the chemistry for preparing modified elec- 
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Ubde.s arid ha.s given lis many e.xamples of 
how' innovative basic chemical research 
ha.s potential technoloj:ical significance. 

Cheriiically riibdified electrodes are cbri- 
diictors coated with thin films of electron- 
transfer reagents. When such an electrode is 
u.sed in an cicctrocheriiical cell, the reagerits 
can rapidly exchange electrons with the 
underlying electrode as part of the cell 
reaction. _ 

Iri the last year Murray ha.s car ' the 
predictive-design concept of cl: ically 
modified electrodes a step further. He has 
prepared electrode surfaces thai bear poly- 
meric filnis bf electron-transfer reagent.s 
(redox polymers) with known electron- 
energy levels. Moreover, those films are 
arranged iri special physical structures. 
These spatially structured electrodes include 
bilaycrs of films, extended area electrodes, 
arid ibri gaie.s. 

A bilayer electrode is prepared by first 
coating the electrode with a ihin (50 to 
50G arig.strom], pinhble-free filrii bf one 
redox polymer and then with a film of a 
second redox polymer, w hich has its electron 
energy levels at a .selected differerit pbteri- 
iial. Iri ari elect rbcheni ical cell, the junction 
between the two polymer films acts to rectify 
the flow- of electricity, just as a .semicon- 
ducibr dbe.s. The discrete bUt differerit 
electron-energy levels of the two redox 
polymers act to effect irreversible charge 
flbwirig a.s the "beril" barid.s bf a .seiriicbri- 
ductbr junction do; The redox polymer films 
are narrow- band ( redox j conductors; as 
Murray has pbirited but, thi.s i.s a di.stiric- 
tive rorni bf electrical conductivity. 

Another physically structured, modi- 
fied electrode designed by Murray arid 
hi.s coworkers is the extended-area elec- 
trode: An important and widely researched 
application of modified electrodes is for 
eleelrbcataly.si.s. Iri thi.s applicalibri, the 
surface-immobilized electron-transfer rea- 
gent catalyzes the exchange of electrons 
between the electrbde arid the sub.sirate 
rilblecule dissblved in the contacting sola- 
lion: Such eleclroeatalysis has importance 
in .solar energy conversion, elec tro.syri thesis, 
fuel cell.s, arid electrbanaly.sis. 

Rather thick films of the polymeric 
electrocatalyst on the electrode are desired, 
for .several reasbris. Hbwever, such thick 
films limit the achievable rale of electro- 
catalysis, due to the need to transport 
electrbris thrbugh the redbx pblyriier filrii 
via the electron levels: The extended-area 
electrode solves this problem by incor- 
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poraliiii! :\ l.iri!c quarititv o\ Hroad-hahd 
Ct>M(liiciiMC pnrticies (carhon) inco the 
redox pt>.i\ mcric iilm. t he carhpn provides 
•'hriiigLs ' lor rapid elcctriMi Wow to the 
ouicmlosl reaches of the redox fiolv liier film. 

I ho K)n-gate electrode is a redox poly- 
meric tllm poly jpyrrolcj with a porous 
igoldj clecti-otie ciiihcdded iiiside. l'ol\- 
(p>rr(>!e) has a very low coridHCtivit> to 
the (1tn\ oi* ions \u the reduced redox state. 



At sohie point in the evolution of niosi 
lechnolouical developments, wc must con- 
siilcr the limitations o!' materials— their 
proccNsihg, properties, and perlorrriance. 
NIaterials research, a multidisciplinary 
activits. provides the scientific hasis for 
lohii-term uhdcrstaridirig and resolution 
of ihcsc limitations; 

The technolojiical challenge of this re- 
search is diverse, coverinj? many important 
oppiiriunitics; These include semiconductor 
tie\ ices for the electronics industry, hieh- 
tcmperatiire structural nieials and cerarriics 
for heat ehgirics, high Held Superconductors 
for magnets, and the burgeoning area of 
polymers l\)r many industrial uses. The 
field is correspiMidiiiglv broad, iiivolvirig 
phvsics: chemistrv, metallurgy: ceramics; 
polvnier science, and cngincer'ng (chemical, 
niecHaiiical, aiid electrical] . 

Ntaierials research is also at the fore- 
front of major conceptual advances in sci- 
entific understanding, iricludiiig universal 
principles of phase transitions, the nature 
i>t tlie amorphous siaie, and the behavior 
of knv -dimensional systems [such as sur- 
faces, interfaces, layered materials, arid 
orie-dimcnslonal conducti rs) . 

NSj- fosters interactions among several 
ilisciplihes through: 

• SJi'nnfrc Resi'arch Projei t Support — 
liiglit programs in solid-state physics, 
so 1 i d - s t a I e c h e ill i s t r y , 1 b w- 1 e rii pe ra t u re 
physics; Con densed-riui Iter theory; 
metal jurgy, polymers, ceramics, and 
instrumentation for materials research. 

• a t I' rials Resea rch Vahonalories — 
Block i rants {o 14 univefc^ijies for 
interdisciplinary materials research. 

• Sat what I 'ser FdcTiities — Sy n c h rot r b n 
radiation at Siaiiford, Cornclj, and 



pllis a high cbiiductivily ufieti oxidi/ed. 
\Viih the redox polymer film used as a 
iiieiiihraiie separating twt) salt solutions, 
!he hieriibi'aiie's cbhdiJctivity can be turned 
off iind on externaiiy by controlling the 
poiyipyrrplej oxidiitipn state with the 
embedded electrode. There is no known 
iiKiiiniade counterpart to this iiienibrane 
.rr.iri^enient, which may serve as a model 
r studying biological membranes. 



Wisconsin (Madison): the National 
Magnet Laboratory at MIT; and the 
National Center for Sniall-Angle 
Scattering Research at Oak Ridge, 
Tennessee. 
In the last decade unprecedented devel- 
opments in materials research have occurred 
on three fronts: iiiribvative synthesis arid 
processing of new materials: neu high- 
resolution experimental techniques for the 
study t)f structures arid properties, arid 
poucrfal new teehniques for theoretical 
analysis and modeling. These have pro- 
fouridly afiected the development of basic 
materials science anti have done niUch ib 
unify the Held. 

Recent advances in s\ nthesis and proc- 
essing of materials iiiclude: 

• Synthetic polymers that condaei 
electricity. 

• Glassy metals with low magnetic 
hysteresis; 

• Semiconductors with extreniel> low 
defect cbriceritratioris arid hence im- 
proved electrical properties. 

• C'oriipositionally modulated alloys 
havirig uriusual elastic moduli. 

• Surface modi Heat ion by laser an ru-iil- 
ing and ion implantation. 

• Ultra-strorig polymer Hbcrs. 

• Ceramic pbwders synthesi/ed from 
polymers, organonietallics, and inor- 
ganic solutions. 

.Advances in sbphistlcated ihstrumenta- 
tion now make it possible to image the 
confi^uratiori ofauinis and clusters of atoms 
by high-resblutibri electi'bri rhierbscbpy and 
to determine their chemical composition 
by electron energy- loss spectroscopy. Then 



too, the iriteractibn of electron beams, ion 
beams; or molecular beams with surface 
atoms can be used to probe the chemical 
ebriipositibii of surface iiibiiblayei-s'. Struc- 
tural rearrnngehienis at surfaces under 
varying conditions can he followed with 
high-intensity, monochromatic x-ray and 
ultraviolet light from syhchfbtron radiation 
sources; the bonding of atoms to a surface 
can he measured by electron- or phot on - 
stiriiulated desbrption. f-'irially, extremely 
short pulsed x-ray and la.scr radiation allows 
scientists to follow time -dependent changes, 
In the realm of thebretical arialy,sis arid 
riiodeling, quantum niechanical calculations 
of electronic structure have shed new light 
on structural transformations in nieiallic 
allbys arid semiconductors. Theories based 
on renormali/ation group transformations 
have given researchers a uniUcd insight 
into Viiribus pheribirieria such as phase 
irafisitions In spin-glasses; liquid crystals; 
polymers, and absorbed surface layers. 
Other thebries have cbritributed to the 
understanding of" nonlinear phehomena in 
such diverse systems as liquid helium, 
organic conductors, and charge-density 
\^aVes. 

Ultrafast X-Ray Structure 
Determination 

The advent of pulsed sources of high- 
iriterisity syrichrbirbri radiatiori has now 
made it possible to do x-ray studies of the 
structure of niatter on a time scale nq{ 
attairiable be! ore. In one such effort, sci- 
entists from OaK Ridge National Labora- 
tory and the Cornell Migh-I:nergy Syn- 
ch r o t r o n S o u r ce [ C H H S S j have used t h e 
unique CHtiSS features to study the laser 
annealing of silicon crystals on a nano.second 
scale. A nanosecond, one-billionth of a 
SL'cbrid, i.s very shbrt coriipared to thetirhe 
scale for the diffusional motion of atoms 
involved inj^he structural rearrangements 
bf silicbri. Thus it is pbssible to bbtairi 
"snapshots'' of the events taking place 
during laser annealing. 

In these particular experiiiierits by Bennett 
l.ar.son. Woody White; and Thornas Noggle 
of Oak Ridge in collaboration u ith Dennis 
Mills of Corn el K the laser is triggered by 
a iiibnilbi' pulse froni the sy nchrbtrbri. 
The laser pulse then irradiates the silicon 
.sample at a desired time interval before 
the x-niy plilse iii-i-ives'. The iiilensity of 
the x-ray pulses (approximately 25:000 
photons in each) is great, the hurst is very 
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X-ray snapshots. Throggh modern x-ray techniques, scientists can now study the struciuria 
of matter on incredibly short time scales. This diagram shows what can happen when laser 
PA'i^^^ 3''® ^PPjjed id silicbri crystals-— both pure and boron irnj)lanted_-r-on_ a.nlanosec^^ 
scale, or one-biiiipnth o| second. jiHedjstpriipnsjnduced by thermal strain correspond to a 
surface layer temperature of 1 150 degrees centigrade. (At one point the silicon even reached 
its melting point of 1410 degrees:) This work has key applications in fields other than rnate^ 
rials research— for example, in fabriciaiirig ultrasrriall microeiectrbriic devices. 



short (160 picdsecbhds). and the interval 
between them is long cnoQgh (2.5 micrb- 
secondsj that a snapshot can be oblaimd; 
A rnultichahhel analyzer records the 'n- 
tensit>' of the scattered x-ra^s. 

Resujt.s of these experiments ag'^ed 

o - 
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qualltativeiy with the changes expected. 
When the team analyzed those results in 
terms of thermal expansion, it could obtain 
a determination of the jaiiice temperature. 
At 100 nanoseconds after the laser pulse, 
the lattice lempefatufe was abbUi 1 150 
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degrees ceniigr;idc. At shorter limes, just 
after the laser pulse, the lattice terriperalurc' 
increaricd to the point where it reached 
1410 degrees, the meltinii point of silicon: 

The question of lattice temperature and 
whether or iiol rriellirig occurs during the 
laser annealing of silicon has been the sUb- 
jcci of_an ongoing controversy, but the 
scieritific ssues involved have been much 
clariHcd by these experimerils. 

The signillcjnce of the experiments is 
ivvolold: hirsu thcN demonstrate the feasi- 
bililv bl u.sirig the ruhdarrierital tool dl x-ra> 
dilTraciion for determining struciurcs on 
extremely short lime scales. This is expected 
id hiive widespread application in studies 
of phase transitions arid ridnequilibriurh 
properties of matter. Second: laser anneal- 
ing has potential for important applicatioas 
in the fabricatidri of ullrasmall micrdclcc- 
ironic devices used in the computer and 
information technologies. But more under- 
siaridirig df the pirdcesses irivdivcd in laser 
annealing of silicon is necessary for the 
technique to be implemented in technology. 

Pump and Probe: Optical 
Studies of Ultrafast 
Processes in Matter 

Advances iri timc-fcsdivcd laser spec- 
troscopy over the past 20 years have led to 
remarkable improvements, in our ability 
to probe the prdperiies df matter dh in- 
creasingly shorter lime scales. In the 1960s, 
the limits Were on_the order of microseconds 
(drie- millionth of a secdnd. or 10'* second). 
In the carls 1970s limits were reduced to 
the nanosecond (id"' second) range, and 
recent advances have shortened the time 
scale to a picosecdrid, or irillidrith (10'^') 
of a second. 

Researchers at Bell Laboratories and 
Cornell are ridw able td produce laser pulses 
with a resolotion of a few tens of femto- 
seconds (10-^*). The early pulse lengths 
perrnitied scientists to excite solids and 
study the relatively slow recombinaliori of 
electrons and holes in semiconductors. The 
latest ultrafast laser techniques jpen the 
door for observatidri df m uch fastei pfdc- 
esses; such as vibrational and rotational 
relaxation in molecules. _ 

Iri the past yeai', Churig L. Tang arid his 
coiieagoes at Cornell University have done 
the first measureme_nts of molecular relax- 
aiidris iri liquids. The particular cxperi- 
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incin;il ii^ci[u>{l iiscd is cliNcil "puitip alul 
prohc. " in il, a s!u)rl, intense hcaiii t>n..sLT 
railiaiiiMi is lised to excite or "piinip" 
ilia tier. \ secoiiU vveakLI hcaiii, split olT 
\'^o\^^ tlic iirsl and dclaved h\ a short tiiii(^ 
(kss tiian a picosecond), is used to del eel 
i)r " prohc" tlie cliaii^es iiidiiceJ h\ the 
csciiaii- >n . 

H\ varviiii! I he ilelav time, it 's possible 
to measure the rale of relaxation. Irom 
vvhich ihe hlechanisnl :c»n beahaly/ed. In 
I afii!'s case, the pump pulse served ti; 
i>rient rodlike molecules of liijuid carbon 
disulphide (C S ) ill the riormaliy isotrbjiiL' 
liquid: "I he prohe pulse detected the change 
ui the oplicai index of rej'raction original- 
Vnv from the niolecuhir alignment and tol- 
lovvcd its decay vvjth liriie. 

Two dccav rates were observed: cor- 
respondj.nii t_o diilerent relaxation niecha- 
iiisms. The first, iiiore rapid decay sigiials 
the evjuilihratUiii (it a given orientation; 
the second, slower decay signals the equil- 
ihralion to an isotropic liquid. Whereas 
the sUSvver decay iiiiide had been inferred 
Iroj i other types of nieasurcnicni; the rapid 
one had not been directly observed before. 

The laeilities required {or speclrbscbpy 
in the femtosecond regime arc expensive 
and the techniques quite sophisticated: 
.crv few universities have the resources lb 
lindertake Such research, tssehlial inter- 
action between icsearctiers focusing their 
K>irii rest>urces on diiricult problems is a 
characteristic tif the Materials Research 
Laboratory I'rogram and the Materials 
Science C enter at Corne'l University. The 
extension of these high-resblu libri tech- 
niques to a study of the nonlinear optical 
response of solids is critical in developing 
nevK optical nial-jrials— particuhirly glasses 
\'or high-eriefgy laser applicatibh.s and 
optical switching elements for high-speed 
data transmission. 



Nondestructive Mohitbrihg 
of Small Fatigue Cracks 

The reliability of structural materials 
under c.^ irenies of stress, temperature, arid 
efiviforimerit is a recuffent concern of 
niateriajs scientists and engineers. The 
engineering approach ha.s beeri lb quantify 
the ratigiie behavior of malerials by apply- 
ing different levels of cyclic stress to small 
laboratory specimens and observing the 
riiiriiber bf cycles lb failure. Malerials sci- 
entists are trying to get more insight into 



what starts faliguc riaMlagc and causes 
cracks to nucieaie and progress to t'raclur':. 

Studies are now uiider wa\ throiighoui 
the world to gain u better uildefslaiidiilg 
of Ih'^ nDCiCiUion and growth behavior oi' 
fatigue cracks. Special attentit^n goes to 
the developriieril of iibhiiiirusive ieehriiques 
U) nioriitor grtiuth of miei()cracks: since 
rescarL-hers have found that during riiost 
of the iiriic before a riialeriars fatigue 
failiire. cracks lire growing frtnii hiicrt^- 
ineicrs to milliniciers in size; 

Researchers at the University of PennsyU 
variia and Nbrthwcsierri University are 
investigating the early stages of cumalatjvc 



dainage diie to cyclic loading: In parucolai: 
(."anipbeil Laird at I'cnnsv jvania has suc- 
ccvnIu11> related the disloeaiiori irileraetibiis 
oi^scrved in single hiet;'l crystals la the 
cvclic dei'ormation behavior in polycry:itals. 
Nli^rris Fine and gfa«,' late studen: pt^nald 
Arili^ri bf Norihwcslerri caiiie up s^ilh iririb- 
V alive methods ihat allowed thcni to identify 
the smaljesi faiigue-cra<'.k nuclei yet seen. 
Through su rfaee-replieai ibp electron 
microscopy, they detected cracks as srilall 
as (>. I micronicter on the surface of an 
overaged nickel aluminum alloy after low- 
level stressing. 

As faiigQC cracks grow; they dissipate 




Cricki — See how they run. Using electroh micrdscdpy, scientists at Northwestern Univer- 
sity have ideritlfjed the smallest fatigue cracks seeii in materials research at this writing. The 
P hot bg rjiph shp\^s jcrjjc ks as srnal£ as^ 0. 1 rnlcromejer^ o jh e s u rf ac e i3f a I" Jc kel aju m in u m 
alloy. This kind of re.search will aid scientists and engineers in tl^eir contini/mg search for 
reliable st 'QctQrai materials: 
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Electrical, Sbmpdter, and Systems Engineering 



Research in this area of* engineering has 
helped produce devices, technology, proc- 
esses, electronic systems, and products that 
tolicli every American's lile. One recent 
adxancc is in very large scale integrated 
{V i.Sjj circuits, which arc used in ultra- 
siiiall ctiiiiputers. consumer products, cpn- 
irtil svslcnis, rt)bt)tics. cbriihiunication 
s.vslems, and for a Uosi other appiiCa- 
lions. 

Researchers are continually improving 
\'l:Si techniUogy; investigating smaller 
and smaUer circuit conilgurations. in the 
ruiure they will multiply circuit-packing 
density so hiahy times that ti)day's small 
computers may Ht on the ficad of a pin. 
Th e new technology and advances in com- 
poiie*hts iuiii devices are a base on which 
other researchers build new electronic Ifi- 
slrunients and systems. 

NSf- supports research that yields more 
understanding of electroriic rtiicrbstructures 
as well as better diagnostic techniques and 
computer-aided design methodology. New 
basic knowledge can be applied imrriedi- 



ately in areas such as integrated optic sys- 
tems and hybrid coriiputing circuits. As 
technology improves: advances follow in 
knowledge-based s)stems. robotics, and 
cbmhiuriicatibns. 

Spectacular advances have led to the 
development ol' robots that can sense their 
environments through machine vision svs- 
tehis arid touch seiisbrs. Distributed signal- 
processing modules and compnting elemeiits 
enable robots to analyze data elTicientiy, 
prbducirig machine decisibris that allbw the 
robots to control and modify their own 
iTioyements and actions. With this greater 
llexibility, based on smaller and more eTicc- 
tive electroriic circuits, rbbbts ribw have 
wider potential industrial application; 

The information explosion has created an 
urgent need for fa.ster arid mbre effective 
transmission tcchniqaes: NSF engirieering 
programs support research in advanced 
cbmiriuriicatibri system.s based bn various 
wide-bandwidth: high-capacity approaches. 
Optical communications via high-capacity, 
.sirigle-rribde systems with bplical (Ibers can 




"SMP>f C>^'p-" T^|8 "su chip" is a very Jarjgescaje integral^ devel- 
ppo^^ andiabHcated^by the Kewlejt Packard Company. It functions asihe jcentral processing 
unii of a digital computer ana cojntains 450,000 transistors: By 1990, chips with a rtiiliibri 
transistors will be ready for use: VtSI circuits are expected to be used In products rand^g 
from tiny cbmputeris to robots to large control arid cbriiriiuriicatlbri system si VLSI technc^gy 
is the fburidation fbr future sophisticated electronic systems. _/ 

^7 



he irnfUiivcd hv <iddni^ monolithic inte- 
^raieti circuits usin^ optical devices, senii- 
cbhductor lasers, and riiicTowave diode's. 
To vield nev\ knowledge in the comniunl- 
calions area. NSf" grantees are exploring 
the lechhical iron tiers of optics, lasers, elec- 
tromagnetics: and ultrafast networks, as 
well . as multiple modes and digital trans- 
fiiissibris. 

Also Under iilvesligaliori are reriible 
sensing techniques. Through these, scien- 
tists explore mi Hi meter- wave bands and 
deterriiirie the iriteractibri of waVelerigths 
with their surrounding physical matter: In 
plasnia sciences, research continues on 
ribvel devices tb cbrilme plasrrias. Free- 
electron lasers are another promising area 
ofjesearch. 

Scierilillc and technical advances in rriate- 
rials arid devices fb rrii the basis lor adVariced 
electronic systems and techniques in the 
field of medicine. Research in these areas 
will also cbritribute tb drariiatic advances 
in large-scale systems integration and new 
means ol' automatic control in industrial 
prbcesses. 

integrated Electronic 
Circuits 

The pheriorrienal advance W( digital inte- 
grated electro riics Iri ternis of the density 
of components on a chip has been due 
jargely tb improvements in our ability to 
fabricate ultra.small trarisistbrs. During 
the i97bs the minimum size or line width 
in industrial production was reduced from 
|0 to 2.5 hiicrbris. This increased the nurri- 
ber of transistors that could be iricbrpb- 
riil.cd gnlp a >rngle chip from 5,000 to 
100,000. Through research significant pro- 
gress coritiriu^s iri digital systems. By 1990 
; researchersy^pect line widths to shrink to 
submicrdnMevels, Chips with a millron: 
trarisistbrs will theri becbme available for 
system use. 

Many existing physical systems involve 
both analog (cbritiriubusj and digital func- 
tions, in voice transmission, for example, 
it is currently necessary to process basic 
ijifbrmatibri iri analbg form, convert it to 
digital form for the sake of efficierit traris- 
mission, then convert it back to analog 
form at-the recei,ving end for understand- 
ing: To^o tjijs. systems traditibrially have 
used components such as operational ampli- 
fiers fabricated -through' bipolar semicon- 
ductor lechriblbgy, a lb rig with micropro- 
cessors and memory componerits made via ; 
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iiic(.il-o\ulc sCMiicCMKluctvvr (\K)S) tCLHr.ol- 
i»tz\. ik'cMUsc ihc >cp.iraliv)n ot anaioi! ,ind 
tiiijii.il iiiiiciivMis bccorncs more cunibcrsDrnc 
:iiul Co^tlv at hiiihci- levels ol" iliiegratiori. 
ihere is lireai rtU)livativMi io labrieate the 
iuo iuiKiiv)ns on ilie same ehip. using the 
sariie leeliiivilotjv for both ruriclibns. 

One research cro[ip at the University of 
( alil\)rma. iierkeley has been studying the 
lahl-ieativMi. a)mpiiler-aided design [CADj, 
and application oi' integrated eleetroriic eir- 
euils aiui s\ stems. This group has used MOS 
diiJiial technology lirsl to realize analog 
•lifictioMs; then to int(:grate arialbg arid digi- 
tal luiiciions. rhe work began with imple- 
riientalion ol* anjlog-to-digital and digilal- 
lv)-aha!bg cbln erters using charge redisiribu- 
tiv)n v)ri capacitors; This lechniqae has since 
been used in industry lor the integrated 
creclronic iniprementation ol ebrivcrlers for 
all-digital voice hetuorks. 

I.urllier work on operational amplifiers 
in M()S technology has provided a truly 
rie\rhle arid geherally applicable design 
approved lor such analog subsystems as 
niters, converters, and voltage references. 

IhdUslrv s trarislaiibh of university re- 
search into fabricated chips is highly desir- 
able from a productivity standpoint: it 
also leads to hew fundamental kribw ledge 
rhrvuich feedback from industry to the 
Lini\ersity. Recently attention has turned 
io extending the useful frequency range of 
nioriolithic Ulterirlg techholbgies — iricludirig 
svvitLhed capacitor techniques — to higher 
levels, so that these methods can be used 
ill Cv)rnhUinicatibri receivers. Further re- 
search will also focus on basic limitations 
in nu)nolithic svstems to collect data. 



Estimation and Signal 
Processing for Spatial Data 

Data from different spatial locations 
at different limes typically contain vary- 
ing types and amounts of measurement 
nciisc. extraneous infbrmatibri, arid iricbm- 
plete measurements. Hfflcient processing 
of these data is needed to recover consis- 
tent arid Useful iri formal ibri iri rrieiebrblogy, 
geodes>. lopi^graphicai mapping, acoustic 
oceanography, imaging, tomography, and 
other activities. 

Ad hoc techniques used in the past were 
tLaijored_LP spccijle problems and often inef- 
IVcierii. Thus ii has nbl always been possi- 
ble to use all available data to obtain the 




P'^^T chjp. This swHc^^^^^^^ Is _used In digital voice systems and contains 

20 ope/atjonai ampiifjers. More than 3 million of these chips are niariufacturecl each year— 
the product of e saccessfol indastry-uriiverslty partrieriship Iri which acaderiiic research Is 
translated into fabricated ch|ps by iridustj^y. This arrarigemerit aids productLyity, ajlpws_u_ni- 
''^^earchers to get feedback on their work, and thus leads to more knowledge about 
the technology. 



most accurate product or result. The ecb- 
ripmic impact of inaccuracy can be very 
high, as in the case of product testing. 

Alari S. Willsky arid Bernard C. Levy at 
MIT are focusing on a systematic approach 
lb the bpiimal and erncienLprpcessing of 
spatially distributed data. Their research 
results can be divided into three categories; 
The first deals with data assimilation, i.e., 
the prbblerii bf cbmbiriirig distinct sets of 
data obtained at differerit times arid loca- 
tions to obtain one superior product (in 
this ca.se, a map or picture). An approach 
has been developed that reflects the fUrida- 
mental structure common to many prob- 
lems in updating, combining, and ceniral- 
izirig maps. 

The second category involves efficient 
and sequential computational methods 
for sriibblhirig, filtering, and extrapolating 
spatial data; In two-dimerisiorial spatial 
data, unlike temporal data, there is no 
natural "causalily'" id provide an order 



lor prbcessiiig the data ip seqUerice. Yet 
this most be done if there is ari eriormOii<^ 
aniount of data tp be handled. The sequen- 
tial cbmputaiibrial procedures br algorithms 
□ nder study are based Ori the structure Uri- 
derlying the generation of the data. They 
bffer both efficient and optimal recovery 
of the relevarit irifbrriiaiibri frbrii noisy 
measurements. 

The third, and most fru it fuj, category 
deals with imaging iri raridbm fields based 
on indirect noisy measarements: The pri- 
mary application of this research is in 
torn bg rap hy, which involves reconsiruci- 
ing the interior of a medium from the 
measurement of energy that propagates 
ihrbugh it along specified straight lines. 
The best-kribwri cUrrerit applicatibri is iri 
medical x-ray tomography, but there are 
many other actual and potential uses, 
mcludirig acbUstic bcearibgraphic lombg' 
raphy. 

Algorithms developed as of this writing 
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h.ivc hccn based on iwo criticui. limiting 
assuihpirohs. l irsi. hothiiig is known about 
ihc hlcUiUiil under invcsligaljoh. Sccorid. 
csscnliaiiy uniimilcd. high-quality nicas- 
iircmcnis can he and arc niadc. In acluaHiy. 
lor rilaily applications the second assurrip- 
iion is false, f or example, in medical prob- 
lems one niusi limit total x-ray dose as much 
as possible, but this also lirriits measure- 
ments; In product testing or imaging of the 
heart, hoth geornetrv and cost (in terms of 
ihslrunientation and human exposure to 
radialioii) presenl seriOUs limitatiohs in data 
collect ion. 

As the amount and/or quality of data is 
reduced, the better the riiodel of the mediuhi 



C hemieal processes are the heart of the 
chemicals industry: which eontribnies about 
S percent of the U.S. gross national prod- 
uct. NSI- is the drily federal agency that 
has a discipline-oriented program to sup- 
port research on chemical process design. 
A better understanding of the scientific prin- 
ciples and coricept.s that guide such design 
can be translated into capital and energy 
savings in producing hroad classes of sub- 
stances arid riiatcrials. Arridng thcrri: syri- 
thetic fibers in our clothing, fuel for oar 
cars, the plaslics we have become accus- 
idriictl to, arid p^iarriiaceiiticals. 

Biochemical engineering, which huilds 
on the rapidly emerging science of recom- 
binant DNA. has drawn much industrial 
interest. But biochemical erigirieers miist 
develop a substantial new knowledge base 
hefore hioieehnology can fuinil its prom- 
ise. Current areas of research include: 

• Rcacli>r designs that discourage the 
reversion of recombinant organisms 
id their drigirial types. 

• New leehniqnes to separate and purity 
products and thus bring down the cost 
of hidlogical processes. 

• Desigil irinovatiiins that will boost pro- 
ductivity by increasing the concentra- 
tions of rriicroorgariisms in bioreactbrs. 

Other research efforts .seek hew k howl- 
edge for nonconventional processing, such 
as the conversion of renewable resources 
iritd iilaterials arid cherriicals of higher value. 



or the desired information incorp ^rated in 
the algdriihrn imisi he. Consequently this 
research hiis rdcii.sed bri develbpirig gerieral 
models for random fields that cohtaih ehl- 
hedded objects. Examples are organs, hones, 
tumbrs iri hurrian tissues, or Haws or voids 
in steel whose existehee, Ibcatibri, size, arid 
shape are to be estimated from available 
data. 

The resultirig algbrithriis based bri these 
models may characterize the mihimum 
measurement information needed to ac- 
quire a certairi level bf confidence br ac- 
curacy: The results also apply to a nibre 
general class of problems arising in ocean- 
ography arid seismic signal analysis. 



Less-recognized chemical proces.ses are also 
iriipbrtarit. Fbr exariiple, .separatibri prbc- 
esses that produce high-purity silica for 
optical fibers have greatly enhanced our 
ability tb trarisriiit signals iri thbse fibers 
over great distances: The emerging chem- 
ical techniques used to make computer chips 
have come frorii the skills developed by 
cheriiical engineers arid cheriii.sts bver the 
past several decades: 

Application of 
in-Situ Extraction in 
Fermentation Processes 

Recent years have seen rapid growth in 
the use of microbes to produce industri- 
ally valuable .substarices, despite sbriie iriher- 
ent disadvantages in the fermentation pro- 
cesses used. Now under investigation are 
way.s tb iricrea.se firial product cbricerilra- 
lion and improve prbducl cxlraclibh; this 
will make fermentation more efficient and 
therefore less costly. 

Cdmmbh prbblehis a.s.sbcialed witli the 
fermentation process include product deg- 
radation by the fermentation broth and 
product irihibitibri arid repression [iri which 
the product slops its own synthesis); Engi- 
neering improvements as of this writing 
have beeri liriiiled tb gerietic riianipulatibn 
of the organism: 

One approach to the problem of prod- 
uct irihibitibri arid degradation i.s to re- 



niove the ihhibitirig riietahblic ferriieriiatibri 
products from the aqueous broth during 
the production phase. This process ailows 
coriceritratibri of the prbducl forrried, which 
in turn makes evchiual purificalibn steps 
easier. . 

Heriry Y. Warig and his coworkers at 
the Uhiver.sity bf Michigan are .stiidyirig 
the use of natural adsorbent resins that 
cari be .sterilized by steam and act as sepa- 
raimg agerits. Wang has fourid that firial 
fermentation product yields can be enhanced 
by a factor of two to five. When sterilized 
XAD-4 res iri is added lb a 1 4- liter cyclo- 
heximide feritieniaiibh, the syhlhesis rate 
changes. Peak concentration comes earlier 
thari is ribrrrial— the coricenlralion bf cyc- 
loheximide, a commercially iriipbrtarit ariti- 
fungal antibiotic, increased to doable that 
of ribrrrial ferrnentation in Wang's exper- 
imeht. The final product coriceritratibri was 
dictated by the exhaustion of glucose in 
the fermentation medium. 

Recerit expeririierits have shbwri that 
higher antibiotic concentrations cah be 
achieved Nviih proper glucose addition and 
pH cbriirol. Further eviderice suggests that 
this melhbdblbgy Could be u.sed tb eriharice 
other fermentation processes, such as eth- 
ariol produeiion from renewable resources. 
The Michigah re.searcher.s are cbbpe rati rig 
with the Lipjohn Company on ways to scale 
up m-j/'/u extraction fermentation processes. 
Drawbacks such a.s ribrispiscific adsbrptibri 
and resin effect on microbial growth are 
under investigation. This novel way to in- 
crease ferrrierilatibri prbduclivity rriay give 
a new impetus to the biochemical ihdu.s- 
tries. 

Accelerated Settling of 
Suspehsibhs by Adding 
Buoyant Particles 

Many major industrial processes use sed- 
irileritatibri tb separate .solids frbrri liquids 
on a large scale; In mining and minerals 
processing, for example, sedimentation is 
u.sed iri the setllirig bf cbal washings and 
for separating the'**red muds" prbduced 
iuring extraction of alumina from ores: 
The drivirig force in most sedimeniatipn 
processes is gravity. The greatest difficulty 
is encountered in the .settling of suspen- 
sions with relatively high concentrations 
of suspisrided particle.s, particularly wheri 
the particles have a density only a little 
greater than that of the fluid. 
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I hc settling 6Y suspensions requires iarge 
equipnient and is a Motor iously slow pro- 
eess. Any means of increasing settling rates 
vviHild be ol enornipus benefit in reducing 
tHi.; si/c (and Itquid demand) ol new set- 
tling agents and increUsing the handling 
capacity of existing ones. 

Ralph M. Weiland at Ciarkson College 
is collaboralifig with Charles A. Willus of 
!)orr-Oliver. inc. iji an industry/anivcr- 
sit\ cooperative research project. These 
researchers have discovered that adding 
buo\ant particles to a scdimcnting suspen- 
sion of hcav^' particles Ciin greativ accel- 
erate its settling process. The three-phase 
settling process is extremely cornplicaied 
t analy/e from llrst fluid-mechanic prin- 
ciples. However. Weiland has developed a 
macroscopic model based on the variational 



principal of miniinuni energy dissipation, 
which indicates broad trends and gives direc- 
tion to his experiments. 

Improvements in settling rates of up lb 
a factor of six times or greater were observed 
when the researchers added buoyant par- 
ticles. The presence of those particles had 
the most pronounced accelerating effect 
on sedimentation when the heavy particles 
had a density only a liiile greater than the 
huids: Tn other words; the addition of 
buoyant particles helped most when applied 
lb suspensions that would have been the 
most difncult to settle; Since large-sized 
buoyant particles are more effective than 
small oiies arid sirice. for reuse, the added 
buoyant phase niust be separated frbrri the 
fluid, the use of large particles makes sep- 
aration particularly easy. 
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NSl 's civil and environmental engi- 
hceriiig prbgraiiis supp^>rt research in geo- 
icchnicnl engineering: structural mechanics; 
hsdraulics. hydrology, and water resources 
crigihecrihg; arid environmental and water 
quality engiheerihg. In addition. NSF sup- 
ports both basic and applied research on 
uays to reduce earthquake hazard. Some 
of (his research deals with hbw a cbrri- 
munity adapts to earthquake risk; bat most 
of it focuses on structural safety. 

Support has beeri provided for a geb- 
tcchnical centrifuge facility under cbh- 
struetion at Mountain View. California. 
The facility, the largest iri the western 
world, will open in January 1983. The cen- 
trifuge will be capable of imposing an 
acceleration of 3(K) g*s on a specimen of 
three tons. It Can be mbdified to lest a 20- 
ton specimen with an acceleration of 160 g*s: 
In many engineering situations, it is neces- 
sary lb change the value of gravity lb achieve 
troc modeling of the behavior of materi- 
als. Without a centrifuge this is not possi-^ 
ble. The Califorriia facility will eriable gco- 
lechnical engineers to construct mbdels of 
considerable si/e and to impose an increased 
"synihetic gravity** on them. The centri- 
fuge will be used at first for research bri 
structures such as foundations and earth 
dams. Investigators in other areas of engi- 
heei-iric will also have access to the facility, 



Ba.«;ic research on structural analysis now 
concentrates on the optimal design of struc- 
tures arid the use bf iriteractive computer 
graphics. One topic bf particular iriteresi 
is the active and passive control of deflec- 
lioris iri high-rise buildings. Two existing 
structures that have devices tb rriinirrii/e 
deflections during high winds are under 
study at this writing, Efforts are also being 
made tb uriderslarid the phcriorrieribri of 
cracking concrete and the properties of high- 
strc^ngth concrete. 

The high prbbabilily that a major earth- 
quake will occur in the United Slates 
(probably in Southern California) by the 
erid of the century lends urgency to the 
FoUndation*s seismic research prbgrariis. 
and to other federal efforts under the Earth- 
quake Hazards Reduction Act. One major 
effort lb find desigri arid construction tech- 
niques that minimize structural damage arid 
loss of life during earthquakes is an on- 
gbirig U.S.-Japariese research program. A 
fall-scale, seven-story building bf reinforced 
concrete was constructed and then tested 
to the poin t bf destruction in 1982, A similar 
structure of steel will be tested iri 1983. 

Such tests give detailed information on 
how full-sized structures respond to earth- 
qijake sirriulatibri. The work should im- 
prove methods of using models to obtain 
performance data at much lower cost; It 



will al.sb establish the reliability of the 
behavior predicted by riibdels. cbriipai-ed 
lo jhai. observed in actual situations: 

Buildirig codes ribw in force across the 
conn fry reflect what erigiri eel's have learned 
about design and construction: However, 
rriariy standing structures built under older 
^bdcs cannot resist seisrriic stress. Existing 
buildings vary in character and are experi- 
sive to modify; often there is little legal 
br ecbribrriic rrioiivatibri for owners to 
spend money retrontting therri. While the 
gradual replaceniciit of our building stock 
bver tiriie will reduce earthquake hazard, 
the threat of property Ibss arid fatalities 
remains great, the problem of existing 
buildirigs that do not meet new earthquake 
Cbde rcqiiirerrierils is uridcr study. 



Reduction of 
EarthquakeNazards 
in Existing Buildings 

Efforts to rriiriirriize earthquake hazards 
aim primarily at design and Constructibri 
techniques to ensure building safety dur- 
irig seisrriic everits. Arialytical approaches 
arc based on detailed knbwledge bf the 
strength of materials and methods of con- 
structibri. Such research has led to rapid 
improvements in buildirig codes arid greater 
safety in buildings; Still; some estimates 
suggest that even if present codes are 
assiirried adequaic arid all riew structures 
arc safe, the rate of new constructibn and 
replacement is not great enough to affect 
the bvcrall hazard posed by unsafe, prc- 
code buildings 

Technical problems relating to seismic 
resistarice of older buildings differ signift- 
cantly from thbse iri new cbristruciibri. The 
existing stock includes a variety of building 
types and materials. While new construc- 
tibri assumes cerlairi qualities in rriaterials. 
older buildings must be evaluated on a case- 
by-case basis^ 

Harvard's Dariiel Schbdek. an engineer, 
and l is Gauchat. an architect, have devel- 
oped a computer-based technique for the 
rapid arialysis of the older-building inven- 
tory in a metrbpblitan area. They can iden- 
tify the area's relative earthquake hazard 
as a function of .seismic risk, soil condi- 
tibri.s, cbrislructibri type, arid buildirig age 
and occupancy; 

Three California .small business firms — 
Agbabiari Associates. S. B, Barnes, and 
John Kariotis of Los Angeles — have fbrrried 
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Quake test. Structural ehglheers at^ABK-A Joint Vehtlire In California hope that their tests 
structural tech h]q ues ah d maiterl als— s uc h as this one done on an un reinforced con c rete 
bjock yyajj su^ected to slmuiated seis_mlc motions— will iead to app_ro(7riate_rlesign _and_buJid' 
ing code changes. Wo may then be able to minimize the loss of life and strgctoral damage 
caased by earthquakes: 



a joint venture to do research on the struc- 
tural properties of uhreihforced masonry 
and ihc typical construction of Southern 
Calirorriia's older buildings. This work has 
resulted in recbrnmehdatibhs for standards 
on masonry constroction and the upgrad- 
ing of existing masonry. These research 
results were also the scientific basis for a 
hazardous building ordinance enacted by 
the ciiy of Los Angeles. 

Research dri techniques for seismic up- 

o 
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grading, repair, and relrbni is in progress 
in many labs across the cdUhtry. Lawrence 
Kahn of the Georgia Insiiiate of Tech- 
nology is evaluating the structural contri- 
bution of externally applied shotcrete on 
anreinforced masonry walls. This t^hnlque 
is widely used and has been assumed effec- 
tive; however, laboratory tests are calling 
that assumptidh jnlo doubt. 

Arthur Atlcisson of the University of 
W:,cbrisin, Green Bay and William Pelak 
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of the L'niversity of Southern California 
are doing a study of the iechriical basis 
and operational success of regulatory ef- 
forts to reduce oider-building hazards; 
The research has revealed complex i;gaL 
social, and ecohdrriic constraints dri build- 
ing demolition; this discovery will affect 
the feasibility of various engineering soju- 
lidhs Id the prdblerii. 

A project at the tlniversliy of California, 
Berkeley has produced a way to give tech- 
nical advice to hdmedwhers, Materials 
developed by a team of architects and 
engineers enable homeowners to do a pri- 
mary evaluation of their own homes and 
take relatively simjjle, inexpensive measures 
to make their housing more resistant to 
seismic damage. 

Research dh the problem of existing 
buildings has been the subject of fegio^hiJ 
workshops, in Boston, Seattle, San Fran- 
ciscd, and Los Angeles. Seismic hazard in 
older buildings has also been discussed in 
bilateral workshops in Japan, Italy, and 
the People's Republic of China. 

A New Methbcl to 
Remove Virases from 
Contaminated Water 

During his study of a new method of 
solute concentration to remove contami- 
nants frdm water, Gedrges Bel fort of the 
Rensselaer Polytechnic Institute came up 
with a way to remove viruses from con- 
taminated water— by ultrafiltration through 
hollow fibers made from polysulphdhe. 
Each fiber consists of a dense layer on its 
inside, supported by ah outer porous sub- 
structure. 

Using convective and eiectrical polariz- 
ing fields, Bel fort found that retardation, 
arid he rice cdriceritratidri, were much lower 
than expected for certain solutes. For 
instance polio virus recovery, using con- 
vective polarizatidri iri modules cdhtaihihg 
many hollow fibers, was excellent. Virus 
particles adhered to the interior surface of 
the fibers through which the cbntami Hated 
Water flowed, while water passed along thdse 
fibers. 

In addition to this use, the technique 
has other pdteritial applicatidhs, such as 
in processes to separate metals from plat- 
ing baths, gene-spiicing procedures, and 
bidmedical processes that require the sep- 
aration of extremely small particles from 
aqueous suspension. 
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NSPs programs in mechanical engineer- 
ing and applied mechanics range from basic 
research into the foundations of mechanics, 
the mechanical strength of spllds, and the 
(undamenials of heal transfer and fluid 
mechanics to the study of robotics, the 
theory of automated manufacturing, and 
the developjTierit of ribhdestructive evalu- 
ation techniqaes: 

Hxperiments in fluid mechanics that 
combine laser arid hot-wire anemometers 
have shown that current standards for 
measuring fully developed axisymineiric 
turbulent jets riiay be seriously in error. 
Since measuremerits of velocity, teriipera- 
ture, and turbulence intensity made by 
riiariy investigators have been in agree- 
ment, these riieasureriierits were assuriied 
to be correct, and turbulence niddelers 
have used them extensively. Apparently, 
however, errors are caused by the very low 
velocities at the outer edge of the jet arid 
the relatively high turbulent flactoations 
withiri the jet proper. As a result of recent 
nndlngs, all previous results bri turbiilerit 
jets shooid be reexamined; some earlier 



failures in prediction then might tc ex- 
plained. 

In solid mechanics, the results of linear 
elastic fracture mechanics are being incorpo- 
rated into structural desigri codes, leacfirig 
to safer and more efficient structures. 
Researchers report progress in developing 
theories for the ribrilinear inelastic fracture 
analysis of ductile materials. These theo- 
ries aiso.are needed for a *"ances in struc- 
tural efficiency and safety. 

In heat transfer, new expe^ arid 
theoretical results are giving valuable in- 
sight into the general characteristics of 
cbrivectiori pheribriieria. Research bri den- 
sity and species difierences, and their inter- 
action when the thennal and diftusive proc- 
esses occur siriiultariebusly, is ribw being 
Qsed to study convectibri in multiphase 
processes. 

Mechanical systeriis engineers studying 
machine dynamics arid dyriariiic systeriis 
and control continue to develop ways to 
help industry design high-speed mechani- 
cal arid elecirbriiechariical systeriis. Orie 
example is application of the center marii- 
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fold theorem to certain partial and ordi- 
n^J?/L^'^^r^"*'^^ equatibris that arise iri struc- 
tural mechanics: This application permits 
a significant reduction in the dimension of 
these equatibri sets. 

There are also advances in design sensi- 
tivity analysis, aided by computers and in 
bptirriizatibri for dyriariiic mechanical sys- 
tems. In Iribblbgy, wbrk cbritiriues bri exper- 
imental testing to set design criteria for 
cbmpliarit surface bearings. 

In prbdijctibri research, serisbrs for adap- 
tive machining have come far enough that 
tool speeds and feeds can be adjusted to 
take iri lb accburit tbbi, riiachirie, and work- 
piece conditions so as to maxjmize prb- 
duction. In addition, research on industrial 
robots with visibri capability has reached 
a point where its applicatibri tb cbriipTex 
assembly operations is expected: 

Constraint Vacations ftlohg 
Complex Crack Fronts 

Most inservice fractures in high-strength 
structural riiaterials are pr»xded by a period 
of subcritical crack grbwth. Duririg this 
period tiny flaws located in thick, reinforced 
regibris of high stress enlargt- into cracks 
that bfteri exhibit curved fi-brits arid ribri- 
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plUriiir surfaces. When a crack reaches a 
certain critical size, it becomes unstable, 
resulting in a sudden and ofteri catastrophic 
failure of the cbrhpbrierit or structure. Such 
corsditions occur in structures as diverse 
as gun tubes, bridges, nuclear-pressure ves- 
sels, offshore oil rigs, aircraft engine mbUrits, 
and gas and oil pipelines. 



Researchers at Virginia Poiytechnic Insti- 
tute have noted a curious and \inexpected 
pheribrheridh: In general, the vR grbwth 
they observed was not self-s.nnlar: That 
is, the shape of theJlaw boundary changed 
as the flaw grew. The regibris of greatest 
growth were ihox of the iow^t stress inten- 
sity factor, which is a measure of the stress 




CataitropHIc fsilurf. DebNs on the ground In this photo IflLslUhot was left^of a pressure 
vessel that developed small cracks isind evehtual^ failed. The vessel had contained com- 
pressed air foj- wind tunnel research^ the large standing structures are seller vessels that 
did not fail. Engineers studying cra^k formation Jnj^^^ siructural materials hope 

to transiate their research results Into future cost and materials savings. 
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at the tip of a sharp crack. (Usually the 
higher that factor is, the faster the crack 
will grbw.) According to the photbelastjc 
models used in this investigation, which 
has been under \yay since 1973, the only 
possible explahatibh for this aribrhalous 
behavior was a constraint variation in the 
material. That is to say, a material par- 
ticle was constrained by its surrounding 
material, jUst as an automobile is con- 
strained by other vehicles in stop-and-go 
traffic. 

Using ah bptical displacerheht-measUr- 
ing technique developed by Daniel Post at 
VPi, C. William Smith has obtained meas- 
urements to assess the degree bf transverse 
constraint along the flaw border: With far- 
ther refinements, this method will be used 
to correlate constraint variation with the 
distribution of the^stressmtensity factor jn 
complex three-dimensional, cracked-body 
problerns. » 

One irh plication bf th[s research isj hat 
high-strength structural materials are much 
more resistant to crack growth in complex 
situations than is UsUally assUmed. This 
increase in resistance, when qaantified, 
can be translated into considerable sav- 
ings in cost and materials for high-tech- 
riblogy structUfes^ 

This work complements the research 
described in chapter 1 [dri rriicrbscbpic 
efTects in defect propagation J. 



GeneralizedWakeilntegLral 
Method For Three-S Bodies 

In 1925, Albrecht Belz prescrited a theory 
on the drag forces acting on lifting bodies 
in free flight. He resolved this phenomenon 
into a profile drag cbmpbherit and ah in- 
duced drag component. The first was ex- 
pressed as a wake integral — i.e., a measure 
of the total horizontal disturbance left 
behind iii the wake bf a bbdy as it ti'ahs- 
^tes forward: 

The second, component, induced drag, 
is the result of lift. Experimental determi- 
nation of indQccd drag presents serious dlfn- 
culties, since small quantities (transverse 
velocities) rhust be rneasurcd over large 
regions (two transverse planes, ahead and 
behind the body). These difficulties mean 
addled cost and fsbtential inaccuracy. 

The cUrreht need fbr fueUefficiehl vehi- 
cles focuses attention on better ways to 
predict drag and Identify drag-producing 
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niech.inisnis; Hiuucs C; VVa of the CjCi)rgia 
Insuiiiio oj" Tcchnoiogy and James [.. 
H.iL'kctt of Lt)ckhccd-(icorgia have begun 
a joint Univcrsity-indUslfy CDopcfativc 
research prDjeel It) extend Bel/*s theory to 
iicncral Ihrec-dimcnsional bodies. 

l arlier. VVii arid Hackelt had riiodilled 
the treatment of indnccd-drag c()mpaiaii()n 
and had accurately determined the drag of 
ah iihstalled wing jtine \vith an unsepa- 
rated fiow of air across it). However, the 
\vake-inlcgral approach had not been at- 
tempted for more complex air Hows involv- 
ing separations, siich its those ericoUrilered 
in the aert)d>naniics of cars with trailers: 

An cxiensi\e experimental program ob- 
tained comprehensive survey data to test 
the general wake-mtegraied iiieihod; A semi- 
wing model and a car model uere tested. 



NSI- established an OfTiee of Inlerdis- 
cipliiiaiy Research (0?R) in November 
l^^SI; Its aim is to ci)ordiriale research elTorls 
involving more than one discipline. This 
move will encourage the dynamic new 
developmeiils that olVeri arise wheri two or 
niore disciplines are fused in a new way to 
solve a prohlcni. 

Through (31 R, NSr encourages iriterdis- 
ciplinar> collab()raiion: aids joint funding, 
and stimulates joint program-development 



using the eross-scetion; lo\v-speed wind 
tunnel at Lockheed. These two models 
represent, respectively, the lihiiting eases 
of How fri)m an aerodyriamieally shaped 
body with smooth, attached air flows to a 
bluff body with massive separations. The 
wirig model was' also tested at various 
angles of incidence to get data for mild 
airjjiow separation. 

The experiments have verilled the theo- 
retical predietion that total drag can be 
accurately determined through wake sur- 
veys close lo an unslalled (unseparated air 
How) wing, The same cbriclMsiori.s appar- 
ently apply to complex Hows invol'jing 
stalled wings and bluff bodies, such as 
ears. The accuracy of the data forcbrriplex 
uir Hows must be examined in more detail, 
due to limitations in the measuring probes. 



activities. The latter include workshops io 
identify research needs or priorities and 
cross- prograni siaiemeriis for use iri plari- 
ning and budgeting. Recently, the interdisci- 
plinary effort at NSF has been bringing 
t^iigelher programs that focus bri biotech- 
nology and robotics/automated manufac- 
turing. 

NSK also supports workshops and con- 
ferences to highlight cmcrgirig and cohi- 
piex areas of interdisciplinary research. 



detefmirie icseafch needs, and ericbUrage 
cross-discipline communication. 

As part of this cHorl, NSK supports inves- 
ligatbrs who report bri prescril k rib w ledge 
and identify long-terrn research needs: An 
example is a paper pn_ computer-aided 
d es ig n /co iri pu te r-a i d ed rri a ri u fact u r i ng 
(CAD/CAM), written by Richard F. Ries- 
enfeid of the University of Utah. CAD/ 
CAM is a growing field that uses interac- 
tive computer graphic techriiqucs to aid 
product design and to couple the design 
and manufacturing processes. Riesenfeld's 
paper pbirits strorigly lb the riecd for inter- 
disciplinary research to integrate the fairly 
sophisticated CAD systems with less devel- 
oped CAM systerris. 

Iriiegraiibri is the key to payofTs in higher 
productivity and belier products, bne major 
potential value of CAD/CAM is the abil- 
ity to design products through cbmpUtef 
modeling and simulation of the manufac- 
turing process. Production planners would 
use this iriforrrialibri to decide bri bpiimal 
manufacturing strategies to make the best 
use i)f materials and resources. 

Arriorig the efforts needed to advance 
the CAD/CAM state-of-the-art are inier- 
dis'cipiinary research in computer graphics, 
interactive corn pu ting, systems design, arid 
interpretive languages, Because of the 
breadth and complexities of the field, such 
research rriight best be done by teams of 
researchers. One irtirtiediate riecd is a higher- 
level, abstract model that is complex and 
sophisticated enough to drive all the nec- 
essary prbcesse.s. A secbrid majbr problem 
is building the interdisciplinary manpower 
pool needed to advance this emerging field. 
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Siologioaj, Behavioral, 
and Social Soiences 




ivLTNjts is a striking feature oi the 
rc-soarch supported hy NSj- in these 
areas. Sulrjects range jrom niolc- 
clUcs to tropical raiii toresis. frorii phoneines 
to the natiotial electorate: Between these 
c\treiiies. items of scientifie interest can 
include siiails. family incomes, artificial 
language, leaf resiiis. lake sysienis. lirid 
brain hemispheres — indeed ainiosl any 
living creature or elements or collections 
theretif. 

Despite this apparently bewildering diver- 
si i\. there is unity. The scien lists who study 
iieiirons are linked to those who study social 
groups through their focus on living mat- 
ter or its artifacts. Biology is the largest 
pan o\ this NSh direetorate, but it also 
represeMt.s sUeh fields as anthropology, eco- 
nonncs. psychoIog\. linguistics: sociology, 
political .science, human geography, and 
the Histtiry and philo.so phy of science. The 
interests represented by these relatively dis- 
crete approaches to the study of life forms 
have ihleracicd. branched, and converged 
to prodiice hybrid di.sciplines. Among them 
are psychobiojogy. law and social sciences, 
hiophysies and biochemistry, and an emerg- 
ing area called irifoi'matiori science. 

A new program added to the Division 
of Social and Economic Sciences during 
Hscal year 19S2 co nil hues the trend toward 
integration: The Decision and Management 
program is a cojlaborativc effort by four 
NSF directorates: Mathemati ;al and Phy.si- 
cal Sciences: thgiheerihg; Sciehlific, Tech- 
nological, and iniernalionai Affairs; and 
HiologicaL Behavioral, and Social Sciences, 
Other integrative activities during t he year- 
included the full incorporation of applied 
research into the biologicaK behavioraj, and 
social .science programs of tlie Fbundalibn. 

Another development of note daring 1982 
was the beginning of a modest effort to 
support equipirienl heeds at marine bib- 



logical siatitliis. To reverse a decline in the 
ph>sicai plants of these vital facilities, sev- 
eral divisions in the foundation launched 
a special annual competition. Response to 
the solicitation, both in the iiumber arid 
quality of proposals: indicated a signifi- 
cant need; it will be met by a continued and 
expaiided program. 

NSl- sapports many of the more excit- 
ing areas of current scientific research, 
iricludirig the explosive develbpriients in bio- 
technology: The t'oundatiori aids the basic 
research underpinning the burgeoning com- 
riiercial developriients there. 

The neurosciefices Verge oh a revolulibil 
closely rivaling that in biotechnoiogy and 
indeed resulting in part from shared tech- 
mqUes. Decades of basic research on the 
brain and the nervoas and endocrine sys- 
tems ha\e begun to unravel mysteries as 
aricieril as cbriscibu.srie.s.s. Clues to under- 
standing perception, eognitiofi. embtibri, 
and a host of other neural phenomena cas- 
cade from rieurbhiolbgy laboratories at a 
bfeathtakirig rate. Anxiety, depression, arid 



Parkinson's disease are viewed with new 
insight. Hp.prbvihg intelligence chemically 
may no longer be corinried tb science fic- 
tion. These and other developments will 
k e e p j h e ri e u r o s c i e rices in the f o re fro n t of 
scieii title interest aiid irii porta rice (or the 
foreseeable luture. 

Basic research in the plant sciences is a 
t^hird area of iiiajbr einphasis. Sirriilar lb 
but distinct from the research in bacterial 
genetics, plant science research also prom- 
ises eribrrribus cbmiiiercial piayoffs in forest 
and field and exciting discoveries in the 
labgratoo ^nd greenhouse. As reported 
iri the NSi- maga/ine Mosaic. "Scientists 
[are I determiiied to prbdUce plarils thai 
have better nutritional qualities, resist stress, 
produce protein and carbohydrates more 
efficiently, provide their owri fertilizer Trbm 
the air and soil, and even photosynthesize 
more efficiently to feed and fuel human- 
kirid's riexi cerilury." 

The estimates are that plant gerielics is 
about 20 years beliind bacterial and ani' 
rrial genetics. But opportunities arising from 
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Biblogicai, BehavloraJ^ jmd SoclaJ Sciences 
Fiscal Year 1981 and 1982 

(Dollars In Millions) 

Fiscal Year 1981 Fiscal Year 1982_ 

Number of Number of 

— — — Awards Artidurit Awards Amdurit 

PhysliDlbgy, Cellular arid 

_ J^P'eciJ'arJB^ 1,484 $ 78.23 1.474 % BO.Vl 

En yjrprLrn_entaL Biology 753 41:05 711 41.99 

Behavioral and Neural^ciences : 744 35.26 697 31.74 

Social and Ecbnorhic Sciences .. 489 25.10 432 17.56 
Irifdrrhatldri Science arid 

Technology _ _ 5 9_ 5.9A .. 72 5;2b 

Total 3,529 " $185.58 3.386 $176.60 

SpURCE^Flscal Years 1983 and 1984 Budgets to Congreas-Juslificanon of Estlrhates o» Appropriations (Quantitative Pro- 
gram Data Tables] 
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(he trjiistlT of tccHliiqiics and Kiun^lciigc 
to ihc boiaiiKal realm arc developing at a 
rapjil pace. 

riie e\pri)Nive development of these lihU 
oiher areas t^f research: along with the rel- 
jli\ei> nuuiest resources available, has pro- 
Jiiceil .1 eliniate reqiiiriiii! eontinuine adjust- 



I*r()press in biolocy research ai the cel- 
hilar and subccMular level has burgeoned 
in tfie past sev eral ye;ir.s. and there is every 
liuliLalioh that the e plosion of khovvlcdge 
\K\\\ continue. Among tlie major contrib- 
uting factors to this pfienomenon: the 
deveiophieht and adaptation of advahceU 
insirunicntaiion and the use of new bio- 
logical procedures. 

\t the instrument level, computers enable 
inuch more iii formation to be galhered in 
less time. They also allow tlie manipulation 
of that intorniation in order to produce 
iriiegrated pictufes of Cell structures; At 
the bioitigical level: the considerable effort 
put into developing hybridomas — cellular 
hvbrids hetvvecn tiiature cells of the immune 
svstcMi and tuituir cells — has led ic^ prodiic- 
tion of substantial quantities of extremely 
speciilc antibtxlics. These monoclonal anti- 
bodies, labeled with tlUoresCeht eorli pounds. 
beet>me probes to identify nioiecules em- 
bedded in cell components. When the 
nUorcsceiit probes are observed arid arili- 
|\/ed with computer-aided microscopes, 
scientists can get nevs information about 
cell structure and the meehariies of cell 
ttivisioii arid dcVeU^prileht. 

\dv;inecs are also being niadc at the 
biochemical level. Almost a ij4^eade ago, 
NSI -suppoftcd scicMitists did ^xperirhirils 
thai showed it is possible to remove pieces 
t>f the chrorm^somes of higher organisms 
aiid rricoi-pdi-ate thciii into the genetic rriate- 
nnl of hacieriiL I urlher: we can determine 
the Mrrangement o| i.ucleolide buses that 
together fnake up ;.i gene. 

Aiialvsis i)f cui.aryoiic chromosonie siruc- 
lurc offers clues as to how the genetic 
information in the nucleus ol" each plant 
or ariiiiiiil cell i.s expr^*ssed — arid how that 
expression is regulated. These clues come 
from research at the iTiolecular level, where 
the properties of DNA. proteins, arid their 
iiUeraction are behig studied: Other informa- 



riierit bv NSf ". Pi-ioi-ities riiUst be jUggled 
between areas ol" research; between new 
investigations and established ones, heiwecn 
cqLiipirieni arid salaries, mairisiream arid 
less traditiivnal research, arid lorig corflriiit- 
mcnts or new starts. Some results of this 
weighing process are reported here. 



lion conies from rcceiillv developed tech- 
nique > to introduce purified genes into 
cultured cells by linkmg them to repli- 
c;:tirig parts of viru.ses. Tills powerful tool 
lo examine the DNA ^quences required 
for normal gene expression and regulation 
has been limited by.lHe availability of cell 
lines that can bt propagated in viim: 

I or many gehes. we anticipate Lhat ex- 
pressibri or regulation may be difneult to 
study in vHro because the required cell type 
may not be suilahle for analysis in culture. 
C)r developmental programming in the ani- 
nial riiay be esseritial. New techniques for 
injecting DNA into ferlili/ed mammalian 
eggs allow us to study the expression of 
defiried DNA seqijcrices iri all of the dif- 
ferent types of body cells: This will pro- 
vide .a_ valuable systerp for studying. tissue- 
spcciHc reguliition of gene expressibri. 

More lhari ever before, basic researchers 
in molecular biolog> are directing their 
efforts to challenges that are relevant to 
the problems of society. Moreover, it is 
not just the highly publicized experiments 
in "genetic engineering" that will give use- 
ful resiilts. hdr example, there are ribw prac- 
tical applications of past research on the 
fundamental physiology and metabolism 
of insects. 

DNA Structure arid Genetic 
Expression 

Thirty__years ago James VVatson and 
Fraricis Crick discovered that DNA. ihc 
basic gerietic material: existed iri (he form 
of a double-stranded mole(!:ule. The two 
strands of this rholecule are vvrapped ari)uiid 
each other arid eaCh is in the rdi-rii of a 
right-handed helix, resembling a clockwise 
corkscrew. It has been generally assumed 
that all DNA exists iri this foi-hn iaridei- the 
conditions found inside living cells: 



The two-stfailded, co riipleitieritary riatUi-e 
of i)N.A iinniediatciy suggested a mech- 
anism by w hich I)N A could be replicated 
duririg cell divisidri. The gerieral diitlirie of 
this mechanism has been confirmed: An 
important question still lo be answered is 
ihis: How do cells control which regions 
of Iheii" DNA are er pressed iri diffci-erit 
tissues'.' 

Some recent results in lhe_ laboratories 
of Alexander Rich at MIT and David 
Si<illar in Tofts Uriivorsity have shed new 
light on this question. Rich and his col- 
ic agiaes have discovered that DNA can also 
exist iri the form of a left-harided drCiaiJri- 
lerelockwise 'double helix. Because of the 
way the sugar-phosphate backbone zig- 
zags iilbrig the riidlecijle, this: form of 
DMA has been designated Z-DNA: 

At first the Z-form of DNA was thouglil 
to exist orily in syrithetic rholeciJles asserri- 
hled in the laboratory: Stollar arid Rich 
injected synlhelie Z-DNA into rabbits and 
mice id produce DNA-specific antibodies. 
These irileraoted with Z-DNA but riot with 
normal DNA. The antibodies therefore pro- 
vided a specific probe lo look Tor Z-DNA 
molecules or regidris of DNA that exist iri 
the Z-form: 

When Intact chromosomes obtained from 
DrosopTuta fruit flies were treated with flud- 
rcsccnt derivatives of these antibodies: the 
antibodies reacted with the chromosomes 
iri a distinct arid reproducible way. This 
iridlcaled that regioris of riatijral DNA also 

exist in the Z-form. 

_ ^ _ _ _ • 

What is the signincance of lhe regions of 
Z-DNA iri riatural DNA? We kribw that 
Z-DNA and the form of DN;A observed 
b> VV'alson and Crick tire 'nterconycrlible 
urider a variety of cdnditidris. Stollar. 
Rich: and their colleagues have suggested 
that the Z-conforniation niav play a regu- 
latory idle in genetic expression by chang- 
ing the loCiil erivii-ori merit iri or riear par- 
ticular genes, thereby altering or eliminating 
expression of those genes. 

A riot her bb.servatidri strerigtheris this sug- 
gestion: When DNA is altered by the addi- 
tion of melhvl groups, the Z-c )nform_ali_on is 
stabilized. Heeause methyl: tidri of I)NA 
has been shown before to inhibit gene 
expression, it is te.nipling to suggest that 
the rri ethyl at idri eHect is due to the con- 
version of ()NA to the Z-fofrii. 

These results offer a new approach to 
the study of gene expression. .Scientists may 
be able to show that vvheri the gerietic irifor- 
mation for particular genes exists in the 
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?'DN A I ri ch rp mpsomf s^ the Jig ht a reas 
iji. frame a resuit (rorn fiuoresctng the anti- 
bodies of a 2-DNA molecule, which was boand 
to specific regions in DrosopliiJa (ihrbmb- 
sbrries. Frame b shows the same chrorrio- 
spmes. using CO nyen tjpn al I ig ht mi croscoi^y, 
Work with the 2 -form of PNA— a left-handed 
or counterclockwise double helix— Is helping 
scientists Uriravel the mystehes of gerie ex- 
pression. 



/-CDfilorniatioh. the expressibri of those 
genes is specificully suppressed; If so. they 
uiil gain an important insight into one 
nieehariism to control gerie expressibri iri 
plant and aniniul cells. 

Genetically Altered Mice 

The initial impetus for developing the 
techniques now Rribwri as recbriibiriarit 
[)N A lechnology came from the desire to 
understand how the genetic material 
(genome) ofari brgariisrii is arrariged— 
and hbu difterenl parts of the total ge- 
nome arc called into action at different 
times during development from the fer- 
tili/ed egg to the riialure brgariisrii. Despite 
the variiujs important applications of this 
technoiogy toward. more immediately prac- 
iictil goals iri health arid agriculture, the 
fundamental scientific questions that began 
the DNA revolution are siiH very much in 
the forerrbrii of basic biological research. 

A sighificiirii advance iri siudyirig the 
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coniroi of gene expression comes from the 
wbrR of Ralph Bhrisier, Richard Palmiier. 
and their colleagaes from the Universities 
of Pennsylvania and Washington; They have 
succeeded iri not only in'rodueing a fpr- 
ejgn gerie iritb mouse eriibrybs biii alsb 
triggering th^ new gene to be expressed in 
the^resuliing adults. 

The gerie they iritrbduced was that for 
the enzyme thymidine kinase, isolaied from 
a herpes simplex virus. To this gene they 
ailacheu the jirbrhoter br regulating DNA 
sequence frdril the metallbihibrieiri I gerie 
of the mouse: In a normal mouse: this pro- 
moter is responsive to heavy metals^ caus- 
ing the expressibri of the riielallbihibrieiri 
gene; In the fusion gene, it was hoped that 
the promoter would respond to the pres- 
erice of heavy riietals by activaiirig the herpes 
simplex gene. 

Brinster and Palmiter injected the fused 
genes iritb the nuclei of fertilized mouse 
eggs arid theri trarisplarited the cells iritb 
foster mothers to complete their develop- 
rrierit. They discovered that about 20 per- 
ceril bf the irijected eggs developed iritb 
animals that contain the fusion gene: and 



more than half of these express the foreign 
gene. . 

Regulalibri bf the expression for the ihy- 
midine kinase can be cdrilrblled as predicted 
by heavy metals such as cadmium and zinc: 
Expression was found only in tissues such 
as the jiver. where the riielallbihibrieiri gerie 
is ncrmaity indaced by exposure lb the 
metals. The amount of thymidine kinase 
produced by these riiice did not seem to be 
correlated in any way with the riurtiber bf 
copies of the fusion gene: an importtni 
arid sbrriewhat surprisingjlnding. 

Another key discovery: The foreigri gerie 
can be inherited by offspring of the origi- 
nal iryected embryos. When 54 offspring 
bf a sirigle irijected riibuse were examiried. 
34 were found to carry the gene. This sug- 
gests that the fusion gene was incorpor- 
ated iritb brie bf the rrib use's chromosomes 
and then passed: as predicted by Meride- 
lian genetics, to roughly half of its offspring: 
These studies are expected to lead to 
rapid advances iri bur Uriderstaridirig bf 
how genetic information is selectively acti- 
vated in different cells and at different times 
bf develbpmeril. 




Mice •xprtiiihg Itiw 0*h«i. Scieritlsts were able riot only to Iritroduce a fprelgri gerie Iritb 
l^ou se eriib/ybs but to trigger the expressibri pj^t hat embryps matured, this 

kind of work Is adding much to our understanding of how genetic Information is relayed. 



Appncatlons of Insect 
Biochemistry 

Throughout the Uriiied States, with the 
exception of Alaska and a few northern 
continental states, termites inflict millibns 
of dollars ih_daniage each year ib wbbderi 
houses, bridges; and other structures: Many 
years ago. bait blocks impregnated with a 
suitable iei-riiiiicide becariie a prbrriisirig 

V 38 



alternative to flooding soil with chlbrdarie 
to protect wooden buiidings against ter- 
rriites— an erivirorimcn tally damaging prac- 
tice: However, the removal frbrti the riiar- 
ket of the delayed-action pesticide Mirex 
has crippled the efficacy of bait blocks. 

Gleriri Presiwich at the State Uriiversity 
of New York at Stony Brook has devised 
a new strategy to develop a usciuj deiayed- 
aclibri tei-riiilicide. He has researched the 



30 BIOLOGICAL. BEHAVIORAL. AND SOCIAL SCIf "IS 



biochemistry of nuoroacciaie; a poisonous 
suhsiancc that occurs in planLs such as/fra- 
cia. I luoroaceiate b fieri kills wild and 
domcslic anihials who cal those plants. 

The toxicity of fluoroacetate is due to 
the liicl Ihiil in biological systems It is con- 
verted to alpha-fluorocitrate, a potent and 
irrcversihje inhibitor of citrate transport. 
Urgiiriisins are iheri uriable lb bxidi/,e car- 
huhydrates. which supply energy for their 
nietaboiic functions, and they die. 

VVhifl Prcstwich proposed to do is design 
a precursor which, after ingestion by the 
ieriiiite. would be cbriveried in situ lb flubro- 
acetate. It is known that omega-fatty acids 
with an even number of carbons — e.g., 
Cj:, C:i. Cu. __and CiH — are degraded to 
llubroacetate. But faily acids by themselves 
are anattractivc to termites and are quite 
rapidly oxidi/ed. 

The next step was to increase the attrac- 
tiveness of the omega-fatty acids and the 
tiiiie it takes to oxidize therti lb the poison 
itself: Prcstwich prepared and tested a series 
of oniega-lluoroalkyi and omega-fluoroacyl 
esters triglycerides arid blher derivatives 
against the eastern subterranean termite, 
Reticulitermes Jiavipes. He evaluated the 
cbnipbunds Ibr delay tiriie and toxicity Jri 
the laboratory, then tested the more promis- 
ing candidates under simulated field con- 
ditions. 

One CO ni p ( J u n d . 1 6- n u o r o-9- E- h e x a d ec- 
crie-l-OI. seems to have the mbsi desirable 
complement of properties. Termites arc 
killed by 20 to 200 nanograms per indi- 
vidual, wiiH delay times bf 24 id 72 hburs 
and complete kill in 48 to 150 hours over 
the tenfold dosage range. Food sharing 
by termites withiri a cbloriy spreads the 
poison evenly before the onset of toxicity. 
A mature colony, with 60,000 members» 
cbuld be eliminated with I to 10 milli- 
grams of the flubrblipid. As a foUbwup 
to the NSF-sopported basic research, this 
CO nip Oil nd is now being field tested by the 
U.S. Dcpartmerii bf Agriculture iri GulT 
port; Mississippi. 

Roge* A, Morse arid Chrisibpher Wilkin- 
son of Cornell University arc working on 
another aspect of insect biochemistry. Ajj 
brgariisri^s have a multipurpose en zyrrie sys- 
tem — the microsomal mixed-function oxi- 
dases— for converting potentially toxic, 
fai-sbluble, foreigri cbriipbunds into water- 
soluble, excretable products. These scieri- 
tists are testing the idea of inducing these 
deibxifying enzymes to protect cbirirriercially 



iiiiporlarit Insects, such as bees, from insec- 
ticides. 

Scientists have fbund that sbirie insects 
cari be induced lb manufacture mixed- 
fonction oxidases at a rapid rate if they 
are fed nontoxic oils. With large quanti- 
ties bf these erizymes iri the gut. ari iriseci 
may be able to break down an insecticide 
that might otherwise be lethal. This find- 
ing could explain why soriie insecticides 
are less toxic thari others: Oils are iricluded 
in some formulations to make the insecti- 
cide stick to the plants^ and the oils may 
sliriiulate iriseci deibxifitalibri sysiertis. 



Most i-osearch along these lines has been 
done with pest insects and has sought to 
circumvent their ability to detoxify pbi- 
sbris. By cbrilrasi. Morse arid Wilkihsbri 
are working with beneficial insects, honey- 
bees, which are often accidentally poi- 
sbned by the irisecticides sprayed irilo their 
environment, jri prelimmary tests they have 
found that a particular nontoxic oil fed to 
the bees reduced ihe toxicity of one insec- 
ticide by abbui 20 percent. They cbriiiriue 
to test a wide range of enzyme-inducing 
substances that may ultimatelyj enable us 
to protect useful irisects from pesticides. 




Minyi IhoMi. At ttMi Miflhe BRMdgl^ Wdocle HM. MmchoMtt. inmjm ti 

(developing improved videcslhtehslflcatibn systems arid cbrnputer-based Image reconstrtic- 
tibri. these will add to bur knbwiedge abbut ceH structures and develbprnental processes. 
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Computer Applicatibhs ib 
Cell Biology 

j iic iiistocheniistrv the i94()sand h^SOs 
Ucis rcsppMNrhIc inr iiKinv of Ihc nbscrva- 
ifohs aiul rihdings iluii lirc the toiindiitioti 
o\ iiiiulcrri cell urui niolcculiir hii)k)gy: 
\ iJeo-imcn-o('iLMluMi sNstL-ins. lluDrL-scciU 
prohcs, ami cDriipuiLT hascd inia^c rciDii- 
slructioh Hiivc ilivL-ii cell hri)lo^ists IddIs to 
unravel prcvtousiv unapproachable prob- 
jcrris. I Irctr use has already I'orced celi bi-.ilo- 
insts lo recorisider sohic ol their lohji- 
accepied tetiets: Siiulies by Shins n I none 
ol the Niarrne Uiojogical I.aboratory at 
Uooils I K)le, MassaLhusctts and John Sedal 
lit the l lirverNltv of C alilornia. San J ran- 
cisco; arc rwti examples of the \va\ this 
iinprovcil technologN has meant nevv ap- 
proaches to cell biolo^v. 

inoiie rnjected the lluorescenl dye luc- 
ilcr vellovv iiitti the lour snrallest cells 
( niicronieres) a lO-ccll. sea-urchin 
cnihrvo. lie tound that this does not inter- 
fere \vith later cell division or developinerit 
ol the enlhryo. As the cells divide: the llu- 
tiresccnt label is distributed e(|ually between 
the daughter cells, and with further divi- 
sions it is prbgressivcK diluted. 

H> taping Ironi a video camera attached 
lo his light niicroscope und renioving 
hackgrt)und noise with sophisticated com- 
piiler prtigranis, Inoue is abU; to Ibllow 
the niigratorv behavior and destiny of the 
cells that descend Ironi the earliest stages 
dT embryo tievelopnient. Tor example, the 
pri>iieny ol' the niicronieres form a ring of 
cells around the body cavity ot the embryo, 
and Inoue has iound thai e^^ery fourth cell 
in this ring is laheled by ihe nuorescent 
marker. 

This poses the intrigoing problem that 
although these niicromeres may be indis- 
tinguishable in their morphology and lunc- 
tion. they each have a programming that 
also determines their spatial positioning 
among the daughter cells, 

jn San f-rancisco John Sedat also, is using 
video-intensillcalibn systcrris— in his case 
coupled with what he terms "optical sec- 
tioning" — to determine the three-dimen- 
sional organization ot" cell nuclei. He has 
built ;i collection of monbclbrial arili bod- 
ies to specific proteins found in the nuclei 
of the insect Drosophila. 

Specific antibodies are fiuQirescentJy 
labeled arid added lb permeabilized cells, 
which are Iheh placed ih a harrow capil- 

o 
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lars tube, flic lube is laid in the local plane 
ol" ii light lii croscbpe arid rbtaled arouhd 
Its long axis: i or each angle at which tlie 
cell is viewed, a dillereiit pattern oi' lluo- 
rcscence is seen aiid reebrded bii a videv^ 
screen. The recorded inforniatioM is then 
i'ed into a computer that reconstructs a 
ihrce-dinicnsional picture from the llub- 
i'esceli' patlerhs. 

With ciinvcntioiuil light inieroscopy. the 
nienibrane surrounding the nucleus ..eeni.s 
to disappear duriiig an early stage bf cell 
division. Lliler. new nuclear nienibritnes 
are observed around the two sets of sepa- 
rated chroniosonies. each set destined for 
blie of the daughter cells. 

To study the principles involved in this 
process. Sedat has used the tluorescent 
derivative bf brie antibbdy that is speciHc 
Ibr a protein found only in the nuclear 
nienibrane. it uniformly stains the entire 
nuclear membrane ol' cells that are between 
divisions. Uy labeling nuclei at differelil 
Slaves of cell division, the fate of the 
nuclear membrane can be observed.. 

Coritrary to what has been .seeri befbre. 



ihe iiieiiibraiie does hot cohiplelely disin- 
tegrate during division but develops large 
hoies and loose strands extending into the 
cytoplasm ol' the cell. At a later stage the 
siiiiiiiiig begins it) cb iiceii irate arbUiul the 
newly lorming nuclei; it linally creates 
around them a distribution ol jjut^res- 
eenee that is identical to that of the t)rig- 
irial JcleUs. 

The progress ol any scientiHc discipline 
depends on the nielhods and instrunienta- 
libri available for gathering new infbrriia- 
tion: Such information then provides clues 
on how to approach the specific pr^'hicMii 
at the iiext level of complexity. The two 
studies cited above shtnv how sophisticated 
morphological observations can give clues 
for studies at the biochemical or molecular 
level. Iribue's bbservatibns ribw make it 
possible not only to follow specific cell 
lineages but ajso to delerniine subtle mac- 
rbmblecular differerices betweeri cells at 
early stages* of developnien t. Sedat's study 
provides a probe and an in vitro experi- 
mental system for investigating complex 
iiieiiibrane asseiriblies. 



Ehvirohmehtal Biology 



This Fburidalibri divisibn supports re- 
search on biotic systems and biotic diver- 
sity. A biotic system' involves an interac- 
tive relationship between ari brganisrri arid 
its ehvirbnliient or an as:semblage of organ- 
isms and their environment, which may 
include other organisms of the .sarrie or 
different kinds. Biotic diversity manifest.s 
itself both as subtle differences between 
individuals of one sort and the staggering 
array bf disiirict orgariisms. 

The thread that binds these two :seem- 
ingly diverse concepts together is spun by 
geologic time arid mutual deperidence. Cited 
below are a few examples bf currently sup- 
ported re.search that illustrates the inte- 
gration of these two concepts. 

Iri gerieral. the orgariisms that consti- 
tute an effective breeding population share 
a set of characteristics that distinguishes 
them from other breeding groups bf the 
same type bf organism. Time and genetic 
interdependencies within each breeding 
group allow ii to evolve its special attri- 
butes. But .Hi me organisms seem hbl to 
follow the iisaaj ''rales'* and — as in the 



case bf the Cerion snail described below — 
have puzzled taxonomists for generations: 

The special peculiarities of a population 
ribrriially do ribi bccorrie established rari- 
donily; they refiect an adaptation to some 
environmental pressure on the evolving 
brganisin. Mariy bf the cherriicals br nat- 
ural prbdUct.s elaborated by plants seeni 
to offer protection against the pressure of 
excess! ve^ attack by herbivores and disease 
agents. The res iris bf certairi irbpical trees 
play this role in one study detailed below: 

Some of these natural plant products — 
such as latex, quinine, digitalis, peppermint, 
and citrbnella— »have spatial Uses by human 
beings. More recently the predator-deterrent 
qualities of .some plant products have been 
applied lb the cbritrbl bf crbp pests. 

While this latter technique sounds prac- 
tical and proinising, other studies of biotic 
sy.stems remind us, as mariipulatbrs bf bui- 
environment, to exercise caution. Those 
systems are enormou.sly complex, some- 
times resilient and forgiving of irisult. but 
jUst as often delicately balanced arid easily 
upset: The decades-long study of take 
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I\ihoc dcscrihcd below shows how man's 
various activities— sometimes gradually, 
sonietimes precipitt)usly arid cafasirbph- 
leallv — can degrade a biotic Kysiem; 

The Lake Tahoe example* also illustrates 
aiuuher p'^'ni- To understand the struc- 
ture arid runetkmirig of landscape-scale 
hiolic systems adequately, we need long- 
ierrii iriiehsive research in a variety of care - 
Hi ll\ chosen, represeriialive hiibital types, 
i t) thai end, the Foundation is SDpporting 
a series oj* integrated, long-term environ- 
hieiUal studies: they are examining in detail 
the dynaniics oT a variety of habitats — 
coniferous t';>rest, grassland, fresh-water 
lakes, tidal estuary, and desert, A glimpse 
o( the approach used cc)rries from the study 
of energy and materials moving through a 
soil Nubsvslem. as described later. 



The Diversity of Ceribh 

I Aperts agree that the West Indian land 
siiails of the genus Cenon are arribrig the 
most difficult to classify: Cerion presents 
one oi' nature's n^ost impressive displays 
of iiibrphological variety, arid 600 species 
have been described On the basis of Shell 
form. The problem is that these species 
have evtilved without significant genetic 
dif'fcrcritiatibri or the attaiririierit of repi-b- 
— tkt^fTve isolation. liither most Cerion spe- 
cies arc inviilid or thi-'re is something wrong 
vviiH the biological-species concept itself, 
because current theory holds that species 
arc gcnclicaliv distinct and reproductivcly 
ist)latcd. 

r V olutibriarv bii)|ogists Stephen Jay 
(iould {liarvard biiivcrsity) and David S. 
UoDdrulT (University of California. San 
^HiCgi)) arc collaborating oil a study of these 
rcnunJ^ahJe snails; Their work focuses not 
tinls on tTTlr-4<^lution ol" Cenon\ taxo- 
iibriiic problems birtsilsi) ori learriing what 
these organisms can teHojs about the proc- 
esses ot adaptive radiatiot] and speciation 
III general, t he two scientists are usirig a 
c()nibihati()h of field work t)rit^ ecology 
and distribution of living and fossil snails 
ami hiboratory studies of genciics. anatomy, 
;iiul shell hiorpbi^logy. Ihey are thereby 
elacuiallflg major pallCrns in the evolution 
of this group 

lii the Bahamas, ibe team found rriore 
lliiiil If^O fiahied species with cra/.y-quilt 
distnbutitMi patterns throughout the islands. 
(i(Uiid.aiid VVopdrulT sampled snails from 
inbre than l,(XX) Ibealitics, measured sbells 



from each site; and characterized the geno- 
type oi" the snaijs whose shells tHey had 
riieiisured. Iri additibri, they studied the 
anatoriiy and ecology of the animals at 
selected sites. 

The scientists cbncluded that there are 
riot 250 species of Cendh iri the Bahainas 
but probably abotH 10: Five of these arc 
vvidespread today and probably, evolved in 
the Bahamas during the last 100.000 years. 
Several others have apparently been blown 
into the area from Cuba by hurricanes. 
These species exhibit very low levels of gen- 
etic arid ariatbmical differeritiatibri, but the 
morphologyof each is Uighfy and distinc- 
tively variable. Woodruff and his students 
have shbvvri experimentally hbw sbrrie o: 
this Variation iri shell morphology relates 
to the snails' adapltltion to thermal stress 
and predation by land crabs. 

This case is particularly interestirig be- 
cause morphology is a poor indicator of 
sj)ecies status in this group. More generally. 
Verion suggests that reproductive is^latibri 
may have been overemphasized in earlier 



species concepts developed by zoologists: 
it turns out that most Cerion species, even 
the riibst dissimilar, will hybridize where 
their ranges conic together in nature: 

Gould and \\'oodruff have found many 
narrow hybrid zones separating species 
iri Cerion. WobdrUff. who has beeri study- 
ing the evolutionary significance of such 
zones, has observed that snails of these 
areas exhibit gerietic aribrriaiies. Sarriplcs 
from the hybrid zones have rare or unique 
electromorphic alleles at frequencies lO to 
100 times higher. than those away from the 
zbries. 

The causes of this new genetic variation 
are unknown a nd^ still under investigation 
at this wriiirig. The spread bf the alleles 
fri)m the hybrid zorie is being followed in 
nature by researchers who monitor the 
mbverrients of hundreds of individually 
rii'rked .sriails. This work will help scieri- 
tists develop a more comprehensive pic- 
ture of the zone's gene dynamics than has 
beeri pbssible befbre. The results are ex- 
pected to clarify patterns of evolution: 




CsrloPhdlverslty. Matiire adalt shells of this snail species [Cer/on] differ dramatlcaUy in 
appeararice. These riirie species represerit sbrhe bf the diversity seeri iri Cuba arid the 
Bahamas. The largest specirheri here h^s a length of 45 mrri; a sriall with a shell 70 mrn iri 
Len^QtH jlyod rn_Mfiya§u thousand^yeArs agp._bes^ite the 

gref.t variety in morphology, thougii. there are probably far fewer species of Cer/on than we 
once thought; according to recent research. Cong-Jerm studies of such animals reveal the 
inipbrtahce bf gerie flow iri the speciatlbri process. [Photo by David Woodruff j 
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Resin Prouuction in 
Tropical Trees 



Mic tiistrihutiDii id plants of complex 
fiiokvuics called tcrponCs is Uixonomicaijy 
sicriilicam. Iri the Icguhic family {Legu- 
tnintiSLiv] complex mixtures of scsqaiierpenes 
aiid dilcrpeno occur m the resino_us excre- 
liiiils iri harR, leaves, arid fruiis. The mlx- 
lurcs of the variiins conipoiihds mliv he so 
cfiaracteriMic and specific that they can 
serve as "finLierpririts" to distinguish r.pe- 
ciCs and siihspecies and to ideritifv pU'rils 
o| h\ hnil oriuin. 

lerpene diversils is particularly high in 
trtjpiical raiiilorest plants. Presurriahly this 
rellecls the cvolutioii of terpene-producing 
capabililv m forest plants as deterrents or 
deleiises auainsl the attacks of herbivor- 
oiis insecis and ptissihK furijii. 

.lean l.aiiueiihcjm: at the bniversjty of 
Tall forma. Santa C ru/. tound that some 
Mexican ambers uere derived from the 
resins nf the alcarrobo tree [iiytYtenaea]. 
I SI nt! infrared spectrophotometry, Lan^en- 
hcim discovered that the resins iri the leaves 
of the related lepunle genera liymenaed 
and C'apaifcra arc similar. The same 15 
terpcntud compounds occurred in the leaves 
ol all species iri vest igated, biit the propor- 
tions tif the ct>mpt)unds varied between 
species. 

I anpenheim has tested different terpcrie 
ct intents |t)r their deterrence power bv offcr- 
iiig the leaves lo a herbivore, the beet army- 
worm. Hie resins reduce the palaiabilily 
of the leaves; and the terpcncs show vary- 
ing tlelctcnous elfects on the army worm 
larv,ie. C Hemical deterises agairist herbi- 
viire attack arc probably especially impor- 
tant in the seedlings of Hymenaea, which 
hav<' 'evv leaves and grow slowly during 
the ft I si fcvv scars: 

I angenheim has also compared terpene 
patterns in South American and African 
populalioris i)f iiymenaed' 1 he sirriilarily 
in the kinds of leaf resins is remarkable: 
\ or example, a common liast African, spe- 
cies //. verrucosa has a coiiipleiiierit of leaf 
resiiis very siinilar to that of//: courhdht 
conimon in the tropics of the New World. 
Siriiilar transatlantic resemblarices in leaf 
resin are als(i f<unid in the related gerius 
C irpiiift'ra. 

I his evidc'ice strongly suggests a typi- 
cal "Cioiidwaiia" patterri iif dislribuliori, 
resulting fron) the gradual separation fif 
Siiuth America arid Africa. Geological evi- 
dence liidiciites that these cbrilirients begari 



EvoJotlon and ecology. Biologist Jean Lahgehhelrri takes ah evbrutloriarY approach tip 

ecology through the study of amber arid plaril development. Here she displays a chunk of 
°r ^rnber, frorri an^^a^^^^ resin deters attack by Insect 

PJ*e«lators: jts chernjcal composition is so characteristic for each species— whether Iri Africa 
or in Central or South America— that cortiparlsons help to rtfv/eal ev/blutibriary pathways. 



to drift apart iri late Cretaceous times, a 
finding substantiated by recent i^tudics of 
early. Tertiary (Oligocene) amber from the 
[Dominican Republic. The terpenoids in that 
amber prove to be much more like those 
of the east African H. verrucosa than those 
of any other species now living in the New 
World. 

This work i.s a striking e:\anrple of the 
insights possible through research at the 
juriciure.s of taxbridrriy and ecology in 
tropiciM pf^irits; It al.so illustrates hoSv 
former world geography can he revealed 
through the study of modern natural plant 
products. 

Structure of Aquatic 
Cornrnunities 

For riiany years lake ecologisls, or lim- 
nologists, have stiidied communities of 
pianktonic plants (phyioplanktori) and 
animals (/ooplankton) . The mechanisms 
that deterrriirie iiburidarice and coniposj- 
tion in planklonic commUrilties have proveri 
rather elusive; yet they are crucial to under- 
standing the v^ay lake system.s function. 
Research ha.s cliiHned rriariy of the struc- 
tural and regulatory uncertainties and is 
givirig irifbrrriatibn that can be useful in 
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lake and fisheries management. Work at 
Lake Tahde bri the C alirornia-Nevada 
border ha:s^ been a prime cbritribiitbr to 
these advances. 

Lake Tahbe lies high In the Sierra Nevada 
mountains and is brie of the world s rribsl 
distinctive lakes, its transpafent; cobalt-blue 
vvatcr has survived aboi'l two million years, 
hut evideriee iridicates that thi.s pristine 
character is degrading rapidly. Lbrig-ierrti 
ecological research has documented changes 
iri the lake arid giveri irivaluabje irisighl 
into their underlying causes. The Tahbe 
Research Group, directed by Charleis R: 
Goldman of the Universilv of California, 
Davj:s, Is the miijbr vehicle for research on 
the lake: its work has contributed greatly 
i o a d va nccs i n _p Ian k t o n ic ec o 1 ogy . 

Sirice 1959, Gbldmari and his assbciates 
have sysiematieally measured the aburi- 
dance of phytoplankton, /ooplankton, 
arid, to ii lesser exterii. periphyton falgae 
attached to surfaces). Iri two decades of 
ob.servation, the standing crop of plank- 
Ibriic algae has more than doubled. As a 
result Tahbe's fiuiuujs clarity is suHering: 
water transparency has decreased more 
than 10 percent since 1 970. The increasing 
grbwt^h of algae arid the loss bf clarity 
have been traced to urban develbpriierit iri 
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Disrupted ecology. The orice-abundant cbrisurners of algal phytbplarikton in Lake tahbe 
^®^troyod by the predatory opossu m shrimp j M>^^^^ without 
^ ' ^P^J study beforehand. As a result, the algae have grown nnore abundant and the water 
less clear. 



I jkc fahoc s drainage hasin and the in- 
LTC ' c d! nutriL'nl inl1t)vvs thai iirhani/a- 
tioi. tzchcralLs. 

I he aniiiKil planktoii iif I:akC' ruluic 
chaniicd dr^iniaf !Lajj> in 1971 and remains 
altered It) tliis day. Two populations {Daph- 
ma and B()synihci] disappeared liHallv froiii 
the lake's /ooplaiiklon. This loss is signifl- 
eani heeause these erusiaeeans. svhich ieed 
b\ sueepirig the iiriy algae Ironi the water, 
are a major source of tbod Tor llsh, espe- 
L-rallv juveniles. The opossum shrimp A/v.v/.v. 
irriiodiiced into the lake in the early 1960s 
h\ the C alitoriiia aiid Nevada fish arid game 
deparimeriis. uas found to be the eulprit. 

I he la hoe Researeh Ciroup studied the 
ahuiidariee. growth, spatial distribuiiori. arid 
age structure o j" t h e T a h o e My sis p o p □ i a - 
iioii to gain insight inio the shrimp's amaz- 
ing success ill the lake. Food-select ibri arid 
feeding- rate studies found My sis (o be an 
oiimivore and a voracious predator on small 
erlisiiicearis, preferring the two specie.s that 
had disappeared iri 1971. Thus the bpbs- 



.sum shrimp was clearly linked to the exter- 
mination of the baphnia and Bosmina popu- 
lations in Lake Tahoe. Besides eliminating 
these two crUstiicearis. Mysis is also the 
probabie cause of the recent decline ill the 
kokanee salmon population. It seems to 
have reduced the saliribri's food supply. 

The Mysis story is a classic example of 
how a seeniingly unimportant organism can 
iriduce widespread changes in lake dynam- 
ics: The Tahoe research has giveri riew 
insight into the role of predators in struc- 
turing an aquatic community and has also 
provided iiifbrmatibri Useful iri lake and 
fisheries management, t'onlrihotions of the 
Tahoe Research Group a reDutstanding 
exaiiiples of Ibrig-lerm ecological research. 

Control of Nutrieht Oycling 
by Soil Heterotrophs 

Nutrient cycling and energy flow arc 
integrative prbce.sses that link the physi- 
cal, chemicaL arid biological aspects of ecd- 



s\ sterns. These piocesses regulate ccosys- 
ieiii structure, furielitiri. and development 
wilhiii bbiJiidaries defiried hv cliiiiate aiid 
parent geological material; 

Cbritrary to coriihibii belief, iiibst of the 
llxcd curbon a fid assoeiated nutrients In 
ecosystems are distributed below ground 
as roots (living and dead), root exudates, 
arid litter. Therefore, the iiiajbi- part of 
nutrient cycling and energy How in an 
ecosystem occurs underground. 

lor example, research by D; C. Cole- 
man of Colorado State University shows 
that S(fi perccrit of biomass production and 
95 percent of heterotrophic prbdUciibri arid 
respiration take place in below -ground com- 
ponents of semi-arid grassland ecosystems. 

Although climate anu stiii properties are 
rill port aril factors alTccting below -ground 
nutrient dynamics arid cricrgy How, bibtic 
interactions among soil fauna and Mora 
sigiiineariily alTcet the dcvelopnicnt and 
function of ecbsystenis, Sbil brgariisriis play 
major roles in processing organic material 
and in moderating associated nutrient 
iiiiricrali/atibri; they db sb by directly or 
indirectly inflaencing rates: transport, arid 
transformation of' compounds. Research 
at Cbloradb State, urider the direction 
of Coleman and C: V: C ole bf the U.S. 
Department of Agriculture: is elucidating 
the role of soil biota in complex below- 
grburid processes. 

A rnajvir effort by the Cblbradb group 
has been to assess the role of soil fauna in 
litter processing and nutrient minerali/a- 
iibri. Results bf their studies suggest that 
soil fauna play a large and direct role 
in the physical, chemical, and biological 
prbcesses bf riutrierit dyriarriics. Or they 
indirectly moderate these processes by feed- 
ing on the microflora. 

Medium-sized animals — mesofauna such 
as earthworms, ants, and termites— frag- 
rrieril and iricbrpbrate litter arid detritus 
into deeper soil layers; By corisum pti bh 
and digestion they increase the nutrient 
cbnlerit bf the processed material. Harth- 
worm casts are enriched with riiicrbflbra; 
this increases decomposition rales: The 
microfauna» nematodes and protozoans, 
rilairitairi a dyriarnic riutrierit flux by grazing 
on primary decomposers (mostly bacteria 
and fungi), by increasing substrate usage 
arid decbmposiiibri rales, arid by adding 
to nutrienl mineralization via metabolic 
waste products, Root grazers may siim- 
lilaie prirriary deed rri poser activity by in- 
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LiLMMiii! tlic amounts ol Niihsiratcs avail- 
ahly Iroin ccjl icakatic and dead roDis. 

lii a series ol niicri)Ci)slii cxpcrihicnts. 
C t)lcnian.:nid C oie Iband that inifiidueiiig 
an anu)chi)id proli)/oan and hactcrial- 
Iccdihg ncliiatodi; iiicrcascd hoih dccDiii- 
pDsition and ilitrOgcii and phosphorus 
inmcraii/ation. B> grazing on inicrohcs: 
ncinatodcN hoDstcd suhsiralc use and nii- 
ltoHc uiv crsitv . I Hcv also added to nltrb- 
gen mineral i/ation hy cxerciing nijcrobjully 
iinniohiii/ed mtrogen. Because of short life 
eveles and luitnenl-rieh e.xeretory produets. 
these inleriitaiina help niaihtani a dvriariiie 
nutrient ptu)l. In returning nutrients rapidly 
U) the st)il, the niierofauna help lo sustain 
ihc high metaht)|ic activity ol the primary 
tlecomptisers 



Although nian> key interaelitnls eati iunv 
he ideniiried. these results suggest intrigu- 
ing prohlems in separating plant striicture 
aiid (Uheiibn Irohl other ehvirbririiehial/ 
hioiogicai eoniponents; the microhorn and 
niierofauna are intimately linked with the 
prihiary prbdiieei-.s and soil constituents in 
a complex and dynamic series of hioiic 
interactions. These are essential to main- 
tain the productivity and nutrient dynam- 
ics of ecbsysicriis. 

These and similar findings have pro- 
tbund Implications for current efforts to 
increase agricultural productivity. By dis- 
rnpiing soil-organism felatiiuiships. sbrile 
common patterns of herbieide. pesticide: 
or lertili/er application may in I'aet he coun- 
terproductive. 



Behavioral and Neural Sciences 



Re>earch supported hy the f oundation 
ill this area is uiiUsUallv hroad. including 
anthropoK)g\: linguistics, psychology: and 
neuroseicncc. .A common goal of all these 
diseipliiics i> to advance bur uridcrslarid- 
ing of behavior and the bitUogical. ehvi- 
ronmental, and culiural factors tfiat inllu- 
ehee it. These fbur disciplines, although 
tilien quite different in sUhjeci matter, hiclh- 
tHK)k>g>, and general approach: also share 
eoinmon concerns. 

I he eiirrehl research f bcLis of iheni all is 
the topic of development: Anthropologists 
are examining hoih contemporary and older 
ei\ ili/aiioris tb understand how societies 
and euliures have developed and how they 
continue to adapt. Linguists and psychol- 
ogisis are aceeleraiirig bur knowledge of 
h()\v c()gnitive capaeities develop, especially 
in very young children. Neuroscicntists are 
making rapid progress in understanding 
hbvv nerve Cells grow great distances with 
marvelous accaracy: making precisely ap- 
propriate connections in a developing organ- 
isrii. 

Analy/.irig development Is perhaps most 
difficult ai the cultural level. There the 
anthropologist Interested in an earlier civili- 
/atibh must piece together ah inTerehlial 
jigsaw pozzle: with key pieces of data often 
missing. A question for archeologisis is how 
social ebrriplcxiiy develops arid is rtiairi- 
tained: When one takes a broad perspec- 
tive and views humans over the several 

o 
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million years of their prehistory, this proc- 
ess — ihe develbptneril of large cbriirriuhi- 
lies: of chicfdonis: and of states — moved 
very rapidly and independently in many 
parts bl' hbth the Old arid New Wbrlds. 

One way to under:*;tand these develop- 
ments is to study trade relationships among 
ancient sites. Geologists, gebehemists. arid 
ai-cheblbgisls have located obsidian deposits 
in many areas of the world: with particu- 
lar attention to Middje America. The inllu- 
eriee bf varibus Mexicari states, their rise, 
the expansion of their power: and their 
decline have been traced hy reconstructing 
ehariges iri bbsidiari trade rielwbrks. 

Much research has been done to under- 
stand cognitive skills in children as young 
as two or three. Work ori the deyeloprrierii 
bf riiiiriber ebricepts. by Rbchel Gclrtiari bf 
the University of Pennsylvania: is already 
beginning to have praciieal use in a num- 
ber of presehbbis iri the Philadelphia area. 
Gelman has documented the capacity of 
young children to Linderstand number con- 
cepts far iri excess of what was expected. 
She has alsb carefully dbcumented their 
limitations: Using this information, pre- 
schools have been able to design their cur- 
ricula lb rriake creative use bf the childreris* 
capacities so that they reach their maxi- 
mum learning threshold. 

At the cellular arid subcellular level, i-ecerit 
advances in rieurbscience research have JUst 
begun to ciptn new doors to understand- 
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ing how the cxqaisiiely complex human 
hrain devejops and 1 unctions. 

The brief research descripiibris thai Ibl- 
l0\v are but a lew examples bf exciting 
accomplishments in the hehavioral and neu- 
ral sciences, illustrating both the depth and 
breadth bf coriteriipbrary wbrk Iri these i"ap- 
Idly progressing areas 

Develdpihg Brain Maps 

Most nervbus systems Fbcus bri siirriula- 
tion from the outside world by creating a 
"map iri the brain." .Such maps are assem- 
bled by the brderly growth bf.serisory neu- 
ron arrays — from peripheral sen.sbry struc- 
tures such as the eye to matching arrays of 
rielirbris bri the appropriate part of the brain. 

Rodney Murphey of the Slate Univer- 
sUy of New Ybrk al Albariy has shbwri 
that development of the relatively simple 
nervous system, of the cricket follows the 
same pailerri. He used receritly invented 
dye-injection techniques to show that each 
sensory neuron projects to a precise area 
bf the brairi arid that this patterned pro- 
jection is repeated in every iridividual bf 
the species, f-'urthermore: each neuron grows 
a synaptic terminal in a specific region of 
the brairi that is cbrrelaled with its pbsi- 
tion on the body sorface: thereby produc- 
ing a somatotopie map in the brain. 

The process of neuronal growth required 
to assemble such a map is .seen in an ex- 
irerrie forrri iri insects, such as the cricket, 
where sensory neurons are born in ihe 
epidermis. Without ever having been to 
ihe brairi. these rieurbri.s are able tb grow 
axons to the brain and make brderly syn- 
aptic connections. Since insects have no 
irririiune system, it is easy to transplarit the 
epidermis, cbhlaihihg the serisbry rieiirbris, 
to different places on the body in order to 
test their path -fin ding ability. Murphey has 
discovered that the brairi regibri where a 
neuron makes synapses is fixed at the lime 
of the neuron's last cell division, and dur- 
irig growth of its axon it makes a series of 
choices. These chbices in the grbwth pro- 
gram are arranged hierarchically; 

For example, if a leg sensory neuron is 
merely iransplanied to a different location 
bri the leg, it will firid the leg area bf the 
brain and grow to a place within that area 
appropriate to.ils original position on the 
leg. However, if it is trarisplariled lb aribthei* 
leg, the neuron will grow to the brain part 
controlling the host leg — but will again 
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Neural mspplnji^ A Patch of epidermis from a biack crickeUcontalnJng sensory receptor 
cells, has been transplanted onto a tan cricket: The purpose of this experiment was to study 
the growth of this transplanted cells into the central hervbUs systenv Work like this gives Us 
^ "ew view of the w^^ insect's nervous system is constructed— and sbrhe ideas about 
more complex organisms as well. 



arborize in a manner consistent with lis 
original position on the donor leg. 

Many experiments like this lead Mur- 
phey to conclude that the sensory neuron 
receives a set of instructions about how to 
arbori/c\in the brain: these cues depend 
on the nt^uron's location on the body sar- 
tacc at tht time oF it?; birth. It seems never 
to fori^et this "pbsitibrial irirorrriatibri." 
Attempts to determine the nature of this 
iritormation at a biochemical jevei can now 
be niade. 

These cxperimeni}> give a new view of 
how an icLseet's nervous system is con- 
structed. They also provide high-resolu- 
tion studies of the assembly bf a relatively 
simple nervous system; such studies are 
difficult or irripossible to achieve in. the 
nu)rc complex brains bf vertebrates. Thus 
the brains of crickets and other invertebrates 
serve neurobiologists as model systems, the 
way bacteria arid viruses serve molecular 
biologist*;: These models allow scientists 
to apply powerful techniques to complex 
problems arid produce simple, elegant 
solutions. 

Local Protein Synthesis 

The axon of a nerve cell serves as the 
single line of communication between nea- 
rori.s. as well as betweeri rieurbris and cells 



of peripheral organs such as muscleis, sen- 
sory receptors, and glands. Therefore many 
axons represcrit extremely Ibrig, thiri appcri- 
dages of the neuron that may extend Up tb 
a yard in length. Continued maintenance 
of their structure is essential for normal 
nervous fUrictibri. 

The viability of the axon is maintained 
by a continuous supply of proteins from 
the cell bbdy. the rieurbri's priricipal site of 
protein synthesis. Proteins include a wide 
range of functional macromolecales that 
make ujj the surface riiembrarie of the axon 
and its terminals, in additibri tb many 
enzymes that control local metabolic activity 
iri the axoplasm. A very efficient Intracel- 
lular transj3brt system erisures that riibsl 
of these proteins reach their appropriate 
sites of function fairjy rapidly — at rates of 
a couple bf huridred riiilliriieters per day. 
There is, however, a class of proteins mak- 
ing up the cytoskeieton of the axon that is 
trarispbrted at ari extremely slow rate — 
about a millimeter per day. 

Edward Koenig of the State University 
of New Vork at BLirfalp has been inter- 
ested m determining whether axbris are cap^ 
able of endogenous protein synthe^iis. If 
so, he would like to characterize and iden- 
tify Ibcally synthesized proteiris, to find 
out what significance they^may have fbr 
the growth of the axon. A major difficaity 



In such studies is that lixbhs are always 
associated with metabolically active cells 
that form a sheath around them. In his 
research, Kbehig has circurri vented this diffi- 
colty by placing goldfish retinal fragments 
in culture, these cultured explants initiate 
axbri regerie ratio ri and yield rich out- 
growths of bptic-rierve axons that are fi-ee 
of ensheathing cells: 

Koenig has applied specialized micro- 
chemical techhiqiies lb study the micro- 
scopic axonai sample available after con- 
nectLons to the retinal explant are severed: 
His firidirigs indicate that in these growing 
axons, there is a limited capacity tb syh- 
ihesize several proteins: Of considerable 
interest is the fact that ivyo of the proteins 
Kberiig has teritatively ideritified ;«re cbrii- 
ponents of the axon's cytoskeieton and 
probably are also part oflhe mechanism 
bf iritracellular trarispbrt. These proteiris, 
which are potentially involved iri vital 
growth functions, are normally supplied 
tb the axbri Frbrii the cell body at ari ex- 
tremely islow rate. 

Other recent studies indicate that slowjy 
transported proteins undergo a gradual 
degradatibri duririg transit. Kberiig's firid- 
ings imply that local protein synthesis may 
supplemiht some of the proteins supplied 
by slbw trarispbrt; they riiay thereby corii- 
pensate for the inexorable biological efiects 
of aging and degradation. Impairment of 
local proteiri syri thesis could explairi axonaj 
degeheratibn s^ri by pliysiciaris iri sb-called 
neurotoxic neuropathies and dying-back 
syridrpme. Moreover. the potential for 
grbwth, regerieratibri after injury, or sub- 
l[e *^plastjc" changes that result iri rearrarige- 
ment of neuronal connections may depend 
to some extent on local protein synthesis. 



Visual IMemory 

We often take for granted how totally 
dependent human life is upon memory, from 
simjily kribwirig brie's locatibri iri space 
to speaking and comprehending: Those 
who have lost the capacity to remember 
are reduceH to a vegetative existerice. Yet, 
despite the unparalleled importance bf 
memory, we know almost nothing about 
how the brairi accommodates this func- 
tibn. A majbr reasbri for this igri bra rice is 
that no one has yet succeeded in identify- 
ing a set of brain cells that form the essen- 
tial elemerits for ariy specific memory. A 
variety of experiments by Robert Doty of 
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the University of Rochester addresses this 
isslic, lisirig visual rriembry in monkeys. 
Their visual system arid nieriidry capacity 
arc remarkably similar to oar own: 

In these experiments, objects are ar- 
ranged by rheahs of a relatively sirnple and 
innocDous, but technically dernahdihg, 
procedure. What the monkey sees with one 
eye passes directly only to the half of the 
brain on t hut side (father than to both sides 
as in the normal situation): The only way 
ilie right hiilf pi' the brain can then know 
what the left side has seen, arid vice versa, 
is vi.i two liber bundles: the anterior com- 
missure and the splenium of the corpus 
eallosLim. Lither of these pathways alone 
is able to^ trarisfer this irirormHtibri, arid 
for the types of visual input tested to date, 
for pure eo!<ir. or lor picture*: of objects or 
see.ieiy, the two pathways seerri equivalerit. 

This opens up many exciting possibili- 
ties for real advances in our own under- 
standing of rrieriidry, since there is npvy a 
^ precisely circumscribed systerh over which 
memories must pass. We can ask what direc- 
tiiiri the transfer is going in: Does the 



memory remain in the **seeing" half of the 
brain, where Jt is somehow accessible to 
the other half? Or is the rriemory— via the 
connecting pathway — actually forrried, re- 
dundantly, in the **nonseeing" half of the 
brain as well? In any event, the source and 
nature of the activity iri th^ cbripectirig 
pathway are clearly related to memory 
processes. And that discovery is leading to 
rriuch greater precisibri iri defiriirig those 
processes. 

As something of a bonus, the method 
Dbly uses also permits analysis of the differ- 
ent ways that the brain's two Halves process 
certain kinds of complex stimuli — a situa- 
tion exceedingly evident in human beings 
arid so far strarigely abserit in mbrikcys. 
The experimental arrangement will deter- 
mine whether one half of the brain in 
mbnkeys is better than the other for regis- 
tering brie or another type of visual irifor- 
mation: No such difference has yet been 
discerned with stimuli of pure color or 
cbriijarex fbrrri, but it rriay arise wheri ideri- 
tificatlon of faces or geornetfic arrange- 
ments is required. 



Nonmanual Behavior 
in Sign Language 

Twerity years agb the cbriveritibrial wls- 
dom was that sigh language, used by deaf 
people, was not a legitimate language bat 
ari inferior system of gesturing that deaf 
people should suppress. Wheri NSF rriade 
a grant to William Stokoe of Gallaudet 
College to do rescarch on American Sign 
Lariguage [ASLj, critical letters appeared 
in the ^ashmgtori Fost reflecting the pre- 
valent attitude: 

Stokoe's early research resulted jn a dic- 
tionary of ASL; it shbwed that ASL sigris 
were stractarally analogous to the words 
of spoken language in fundamental ways. 
These fii.dirigs stimulated scientists in a 
iiumber of research centers to investigate 
the properties of ASh more thoroughly. 
As those properties — syntax, morphology, 
dialect variation , psychological jsroccsses 
of production and comprehension — were 
explored^ the outcome was the same: Once 
you get beybrid the ways that a language 
of the hands musi be different ffbfh a 




"Body" •ign language. Scientists havd recently shown that facial expresslona and other nohmanuai alQitala pliQf a key rote In cdjfnrnunjca- 
tton among the deaf and others who Qse American Sign Language (A&t). Merejs woman makes the sign WHO. At left, the manna! 9ign 
is accompanied by the nonmanual sign for "wh" word qoestlons (e.g., "Who did It?"). At right, the sign occura with the nonmanual signal for 
illetorlcal^questlbris [e.g.^ "Arid who djd it? ThtUjutler?"]. Thus syntax Is conveyed by body mbvernent8<--o| the eyes, face, head, torso, 
etc —other than those the hands make. This research reveals an aspect of sign language that went unnoticed before. 
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spoRch language. ASL has all of the im- 
po riant properties of sjibReh languages. 

This has been a discovery of the first 
ih\norlarice scientifically because it has 
offered researchers a unique perspective 
on the anderlying properlies of language. 
It has been no less important in the deaf 
cofiiniunity. Educational practices in teach- 
ing deaf children have been profoundly 
affected by the new awareness that ASL Is 
a legitimate language. Children are being 
encouraged to use their own language to 
Icartr. instead of one thai is largely ihac- 
ccssibjc to them. 

William Stokoe has continued his re- 
search on sign language. Most recently he 
has been collaborating with Charlotte 
Baker, also of Gallaudet College, on a study 
of lirigui.stic expressibri in ASL vyhich uses 
parts of the body blhcr lhah the hands. 
The significance of the hands in signing is 
of course central, and manuaj behavior has 
natufaUy enough been the focus of most 
research; Stokoe and Baker have shown, 
however, that facial activity and head posi- 
tion have dellhite linguistic functions IH 
ASL: 

Sentence types are distinctively marked 



nonmanually. The grammatical signal for 
a cjuestibri, for example, consists of raised 
eyebrows, widened eyes, arid qfleri a tilt- 
ing of the head or the whole body forward, 
while the sighs for the words in the ques- 
libri are being produced. The same sequence 
of signs without the charactefislic facial 
activity would not be understood as a 
queslibri. Nohmahual behaviors also indi- 
cate relative clauses, cbriditibhals, rhetor- 
ical questions, and even tiie subject of the 
sentence. 

Nbw that ASL has been established as a 
genuine language, research like thai by 
Stokoe and Baker helps us to understand 
the ways in which it is special. Spoken lan- 
guage has Intbriatibri patlerris^hariges in 
the pitch and stress levels that signal impor- 
tant matters such as sentence type. These 
are ribt available to sign language, which 
has replaced them with behaviors appfb- 
piiate to the visual modality. Once again, 
linguistic science is given a hew perspec- . 
live for studying qiiestibris of central irripbr- 
tance. Teachers of deaf children, moreover, 
can how be made aware of an extra dimen- 
slbii in their student's lahguage^bhe that 
was previously unnoticed: 



Social and Economic Sciences 



The social and economic sciences are 
the chief sources of a vital accumulalibri 
of knowledge about human institutions 
arid behavior, em bracing groups as large 
as nations and as small as families. Re- 
search over the past decade has led to 
more understanding of how the economy 
^ wbf ks: hbw .sbcieties arid Iridividuals orga- 
nize themselves politically, legally, socially, 
and spatially: and how they change. The 
process of charige— what causes it, how it 
happens, and what its efPects are — i.s a 
continuing theme and major focus for the 
social arid economic sciences. _* 

In 1982. a.s iri previbus years, the Fburi- 
dation supported several projects that pro- 
duced results of lon^-term scieniific signif- 
icance. Other.s yielded firidiiigs of more 
immediate relevance to current sbcietal cbri- 
cerns. Both types of studies share several 
essential features: { I j the search for gen- 
era#patterns and priridples that exterid 
beyond the particulars of a specific time 
arid place, (2) dependence on reliable and 
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reprbducible data that describe institutions 
arid the way they riJri, arid (3) the systerri- 
atic test of general principles on the basis 
of .appropriate and reliab^le data. 

These characteristics define the principal 
research tasks for the social arid ecbribhiic 
sciences — namely, to develop appropriate 
theory arid concepts leading to testable 
hypotheses, lb imprbve analytical tools 
and techniques, and to build better and 
more comprehensive data resources. The 
prbducts bf these endeavors enharice our 
ability not only to discern arid riieasufe 
social change with accuracy but also to 
uriderstarid it at a deeper level and to 
anticipate it: Exariiples bf this research are 
described here. 

Economic Change and 
Family tife 

Brbad cyclical swings in the American 
economy have qccuffed histbrically arid 
continue to be a part of contemporary life^ 
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These economic nactaations often force 
families to face abrupt changes in their 
personal ecbribrriic circurristarices, deperid- 
mg ori^ Ihe aVailabinty of credit, jbbs, family 
resources, and other factors; 

NSF has supported studies of how fam- 
ilies adapt tb sbcial arid ecbribrriic chariges 
and the long-ran effects of these expefi- 
ences_for parents, children, and the family 
uriit. This research often requires a lorig- 
terril irivestrilerit tb fbllbw farriilies arid 
especially children from early develop- 
ment through later life. But the work has 
vastly iricreased bur kribwledge about 
family adaptation and the impact bf eco- 
nomic deprivation on child development 
arid later adult furictioriirig. Some of these 
firidirigs are exp^ted; bthers are surprisirig. 

Using data from two of the longest 
CO ritin^uo US-study files on children and 
their farriilies, CbrriclTs Gleri Elder and 
his many collaborators have analyzed the 
legacy of the Great Depression over the 
17-year period from j960 to 1977, They 
addressed early develbprrierit arid adult 
experience in samples of children born in 
Qakland, California in J_92Q-_2 1 and in 
Berkeley, Califofriia iri 1928-29. 

The studies document dramatic changes 
in the domestic and economic roles of family 
rrierribcrs. Mbihers arid older rriale children 
took responsibility for contributing to the 
family's income and budget management 
as they rribved into the labor force; older 
^^i^^*^lj^*L^Jy_PL^?lly played a majbi" rble iri 
running households: In contrast, the father, 
experienced a joss of power in the family, 
arid the effectiveriess bf cbritrbl by both 
parents dropped under conditions of eco- 
nojTiic deprivation. 

Stress arid cbriflict iri the farriily increased 
with ecbribrriic hardship. However, if par- 
ents were relatively close before a loss of 
incbriic, such hardship enhanced the chil- 
dren's relatibriships with bbth parerits. But 
when coupled with marital discord, depriva- 
tion sharply, increased children's hostility 
toward the father while strerigtheni rig the 
relationship between mother and daughter. 

The consequences of economic hardship 
for children clearly depended on their sex 
arid age diinrig the Depressibri. Yburig chil- 
dren growing up in the 1930s exhibited the 
greatest developmental problems; adoles- 
cerits fared better. Iri sbcial/psychblogical 
assessments, boys from deprived families 
were found to have lower aspirations and 
sclPcstcerii arid less scirdirectibri and asser- 
tive ness than boys raised iri better ecb- 
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nomic circumslances; And despite compa- 
rable abiiily. lhe_schblasiic perfgrniance 
of deprived bd\s fell below that of boys in 
more affluent families: By contrast, girls 
from deprived families displayed the compe- 
tence that so rriariy of their mothers exhib- 
ited during economic hardship. 

Reflecting the resilience of human per- 
sonality, however, deveibpmental problems 
could besurmburiied between adolescence 
and midlife; For men, early entry Into the 
labor iorce. military service, and delayed 
riiarriagc seemed to give them essential lime 
for personal de\ eldpmerit: this allowed them 
to overcome their handicaps as children of 
the Depression. Even so. the enduring con- 
sequences of ecoriorriic hardship are found 
mainly in men's values. At midlife, men 
with deprived childhoods were more likely 
to value mutual understanding in marriage 
arid security iri ranlily life than brie would 
predict on the basis of their current adult 
situation or early class s_tatus. 

Frbrii these and other findirigs we begin 
to understand how macroeconomic changes 
affect family life. It is clear that the nature 
of economic change, its severity arid du ra- 
tion, establish a Uriique coritext. Nbriethe- 
less, patterns of behavior have been found 
and these suggest a general model of family 
adaptation arid butcbriii:s. Futui'e research 
that follous indlvidoals throQgh life will 
look further at family adaptation in relation- 
ship to other social arid ecorioriiic chariges. 

Trends iri Tirtie Use 

Orie of the chief aims of the Natibrial 
Time-Allocation Data Series; collected by 



the University of Michigan's institute for 
Social Research, is to rrieasure trends ii^ 
the way people appbrtibri their tirrie ari1bri| 
various activities: Such trends may reflect 
important and otheruise unobserv.able 
social arid ecbriornic phcribriieria. Like 
cerisu.s data, these riieasurerilents are Indi- 
cators of social change: 

This series currently cpnsisjs of surveys 
rriade iri 1965-66 arid 1975-76. plus one 
completed in 1982 on a subset of the re- 
spondents intervieued in 1975-7(>, The 
latter gi\es lbrigitudirial data, riiakirig it 
)5ossiblc to do analyses that monitor, tb an 
extent never possible before, changes in 
the wa^y American hbusehblds allocate 
tiriic. The 1981-82 data uere cbllected too 
recently to produce any fine-grained anal- 
yses of current trends or underlying societal 
processes, ver, sbme brbad cbriclu- 

sibris are suggested. 

The results reflect data for the lo activ- 
ity categories commonly used in time-use 
studies since the rilid- 1960s. All of the cat- 
egories include associated travel time; 
thus commuting time is part of work, in 
the riiarketplace ("riiarket wbrk"). The 
data for both males and females show 
average week!) hours in lO major activi- 
lies for 1975-76 and 1981-82. along with 
differirrices betweeri the two periods (see 
table). 

Even though the statistics represent only 
first calculatibris fi-brri the 1981-82 study, 
they Suggest some Interesting changes: These 
reflect a marked difference from the pat- 
terri of tirrie-series chariges shbwri betweeri 
the mid-|96(H arid the mid-1970s. T]le most 
interesting results show up in the market- 



work and household-production categories. 

Hours sperit at market work show a slight 
increase Tor riiales— ^due rilairily lb riibre 
time spent on second jobs — and a more 
sizable increase, for females. This is prob- 
ably a result oT both higher participatibri 
rates among woriicri as well as a shift frbrii 
part- to full-time work: 

The household-production categories 
reveal a very iritcrestirig pheribriieribri: 
Men are clearly doing more household 
activities than before, and women on the 
average are dbing less. The most dramatic 
change is the reductibri of 2.7 hours — riibre 
than 10 percent — in the household-work 
category for women, coupled with a slight 
iricrease in that categbry for rrieri. Bbth 
men and women show somewhat more 
hours spent in child care. In conjunction 
with the declirie in riurribers bf childreri, 
this suggests a riontrivial increase in hours 
spent per child. And in the services and 
shopping category, rrieri shbw a substan- 
tial iricrease while wbrileri sperid abbut the 
same amount of time. 

These changes all rndve in the djrcctibri 
of equalizing the rriarket-wbrk arid hbuse- 
hold-prodoction activities of males and 
females, it is still true that males spend 
riiariy rribre hburs wbrkirig iri the riiarket- 
place than do females, arid the latter sperid 
many more hours in household produc- 
tion than males db^But the gap is narrbw- 
irig iri both cases. This cbritrasts with the 
results of previous analyses, which showed 
no evidence that a shift of this sort was 
urider way. 

Other Interesting findings include a shift 
away from television viewing toward other 



AversQ* W««kly Hours Spftnt in M«ior AdivitiM, I975r76 Compar*d to 1 981-82, 
Individoali B«tw«cn 25 and 64 



Major Activity Category 


Males 


Females 


1975-76 


1981-62 


Difference 


1975-76 


1981-82 


Difference 




43:1 


43:7 


+0:6 


20:8 


23;7 


+2:9 


Household work 


7.9 


8.1 


+0.2 


21.2 


16.5 


-2.7 




1.5 


2.0 


•fO.5 


4.6 


5.2 


+0.6 




3.6 


4.5 


+0.9 


6.6 


6.8 






75.6 


73.4 


-2.2 


77.2 


75.6 


-1.6 




• 1:0 


0:9 


-0:1 


0:7 


0:6 


-0:1 


Irivblvertierit with droarilzatlohis 


2.4 


2.8 


+0.4 


3.1 


3.4 


+0.3 


Social entertarnment 


6.9 


6.6 


-0.3 


8.2 


8.8 


+0.6 


Active leisure [nports jeic/l ^ ,_. . ._. . ._. . ._. ^ 


5.0 


5.1 


+0.1 


4.4 


4.8 


+0.2 


Passive leisure (includes television viewlngj : : . : . : : : 
Total 


21:0 _ 


J^Q^ _ 


_ _.0:l _ 


21 A _ 




-0,3 










166,0 


188.0 




168.1 


166.0 


-0.1 



Q Details rtiay hot add to totals due to roundiriq: 
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"passive" Icisnrc aciiviiics, such as rcad- 
ing. listening to Uipcs or records, and talk- 
iiig on the telephbrie. Television viewing 
lime dropped b>' about an hbiir per week 
ior niaies and almost that much for rcmaies: 

the Theory of Industry 
Structure 

In his 1981 presidential address to the 
American Hconomic Association, Wiliiam 
Bauriibl reported on a rriajor development 
(leriiied by sonie a revolution) in the the- 
ory of industry structure. A book on the 
new theory coauthbred by Baurhol, of both 
New York arid Priricetbri Universities, John 
Pan/ar at Bell Laboratories, and Robert 
VVillig at Princeton was published the fol- 
Ibvvirig spring. 

Conventional analy^;is of the determina- 
tion of output and prices typieally assumes 
that the si/.e and number of firrns in par- 
ticular industries are set by forces bUtside 
the economic activities being stodied. By 
contrast, the unified theory developed by the 
BaUmbl team^reats i ndustry structure as a 
variable set b>leconomic forces simultane- 
ously with thi pricing, output, advertising, 
arid other decisibris of the firms irivblved. 

Many theories focUs oh sniall single- 
product firms, whereas the reality is that 
virtually all firms produce and sell more 
tliaii tirie good or service. By bringing the 
niultiproduct enterprise (including the very 
large firms! squarely into the framework 
0\' niicrbecorioinic theory, the authbrs have 
niadc a major contribution toward gener- 
ali/ing microanalysis, They have also greatly 
increased its applicability to the real world. 

The power of potential co hi petition to 
extend the positive effects of" active com- 
petitiiin is the book's central theme. To 
investigate the liriiits of this power, Baumbl 
and his collaborators formulated the con- 
cept of o)ntcstable markets— those in which 
jiinciitial compeiitibri i.s Unimpeded by fric- 
tions or by entry or exit costs: This gener- 
aii/ation of the traditional concept of per- 
fcctlv cbiiipctiiive markets reduces the num- 
ber ol assumpliohS heeded to bbtaih the 
usual efficiency results. 

\Viih eontestability theory it Is no longer 
hcecssarv to a.ssuine that efficient bUlcoriies 
i)LCiir onl> when there arc a great many 
;icii\el\ prt)duci PL firms, each basi.ig its 
(Iccisioh.s bii the iielief that its ow n bulpul 
is tt)o smaii to exert any effect on price: 
NVliai drives contestability theory is the 
oppi^riiiiiiiy for what is called cbstlessly 



reversible entry. Where such entry is pos- 
sible, efficient oatcomes are shown to be 
consistent with the relativeiy large scales 
bf bperalion that characterize many indus- 
trial technolbgies, 

When entry and exit are completely free, 
efficieni incumbent monopolisis and oli- 
gbpblisis rtiay in fact be able to prevent 
entry: Bat they can do so only by offering 
the very benefits competition would bring. 
Otherwise, they are rendered instantly vul- 
nerable to hit-ahd-rUh ehtry. 

The authors do not argue that most mar- 
kets are perfectly contestable, although 
many may be apprbxiitiately sb. But they 
do maintain that prices and industry struc- 
ture in most markets can be usefully com- 
pared lb what ihey would be if ihbse mar- 
kets were perfectly contestable. Many of 
the implications of the contestabie market 
standard are cbnsisteht with policy cbnclu- 
sibhs Ibhg held by ecbhbmists. Fbr exam- 
ple, the new analysis reinforces the view 
that any proposed regulatory barrier to 
entry rilUsi start bff with a heavy presurrip- 
tion against its adoption: 



The essential lesson is that regulators 
should adopt pblicies that eh ha rice the cbri- 
testahility of markets. Thus not only in- 
creased freedom of entry but also of exit 
shbUld be fostered. Iri addiiibri there rriay 
well be a need to regalatc access rules — say; 
by requiring leasi ng or shared useofsunk- 
cbsl facilities. 

The riew thebry also furnishes sbriie sur- 
prising insights, especially in the antitrust 
sphere. There it can be valuable in turning 
the judicial prbcess away frbrri exclusive 
reliance upon traditional market-share 
measures to evaluate mergers and toward 
reliance bri the degree bf structural cbri- 
lestabilily in the industry: Thus a hi.stbry 
of absence of entry in an industry and a 
high concentration index may be signs of 
virtue, ribt bf vice, as is Usually sUppbsed. 
This will be true when entry costs, as defined 
by Baumol and his collaborators, are_rieg- 
ligible. U rider sUch circUrtisiarices, the effects 
of efforts to change the industry stractare 
by preciudirig mergers or by dissolving large 
firrris rriusi be regarded as undesirable and 
antisocial: 



Material and energy resources are the 
phy.sical capital bf bUr sbciety, iriforriiatibri 
esources its inteljectuul capital: NSK works 
to increase uriderstanding of the scientific 
laws that deal with brgarii/irig. riiairilain- 
ing, and managing bodies of inforiiiatiori: 
Another NSF goal is to discover and 
forriiulate rules lor the generation, trahs- 
mi.ssibn, and use of infbrmutibn. The FoUri- 
dation does all this by supporting research 
that: 

1. Adds to bUr fUiidariierital knowledge 
base about information and how it is trans- 
ferred. 

2. Hxpbres the Use bf new iiifbrrriatibn 
teehn ology: 

X jl^'lp!^ US understand the impact of 
prolileralirig iriforriiatibri technologies bri 
social orgaMj/ation; sciehtific research, and 
business management. 

NSj- is the chief federal supporter of 
basic research in this area. This contrasts 
with missibh-brierited irifbrhiatibri research 
aided by the Department of i)efcnse, and 
with work by the National Library of Medi- 



cine, which focuses on improving medical 
iriforrrialibri systems. 

Information sciehce draws Upbh related 
research supported by NSK in computer 
science, electrical and corhputer engineer- 
ing, cbghitive psvchblbgy, li rig Uis tics, arid 
economics. There is close coordination 
f aniong all these f oundation programs. 
Prbgress iri cbmpuler arid electrical sci- 
ences stimulates information science arid 
technology. In particular, new instrumen- 
tatibri arid capabilities™ such as greater 
capacity for storing. manipLilatihg, retriev- 
ing, and communicating information — aid 
riew approaches to rong-stariding problems 
in the infbrmatibh area. But sUch advarices 
also create neu challenges, for example; 
the ability to store the conients of the 
Library bf C brigress iri a biie-irich cube 
would solve storage problems; hut that 
information vsould be t nally inaccessibie 
v\ithbul approprijie .striictiii'e and access 
methods: 

Major questions under investigation in- 
clude these: 
• What are the best \\\\\s lo organize 
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vcrv laruc aiid complex databases, 
naliirai language; and other irijormii- 
iion systems? 

• W hiii is the relationship between lan- 
guage and knowledge represeniation 
and the use of natural language for 
coiiiiiiuriicating with rnachines? What 
are the aHilllies arid liriiitatrbris of 
people as ini'orniation processors? 

• NV'Hat is the role of information in the 
cconohlv? \V hat arc the ccbribmies o\ 
scale in producing, distributing: ana- 
lyzing, and evaluating information? 

• hat I'aciors deterriiirie the social and 
ceonomic inipaci orinrorniaiion tech- 
no iogv' 

I he two projects described here arc 
examples of feceiit NSK-suppbrted research. 

the Possibility theory 

I he representaiion ol' meaning is a 
major probjcni in developing systems that 
can deal with the lull range and richness 
of hat Ural language. irielUding the iitlpre- 
cision and lack of specillcity thai arc in- 
trinsic t o co nini Li n i ca t i o n a m o n g bum a n s . 
I.otn /adeh of the University of California. 
Hcrkclcv is working on a conceptual frame- 
work It) deal with this problem. Tlie goal 
is to develop a ebmpreherisivc theory of 
llaUiral langLiage*^: espeeiully for the rep- 
resentation of meaning, kmnvledge. and 
belief. 

/adeh starts from the point of view that 
no niatheniatical theor\ biiscd on two- 
valued jirue-falsc) logic can mirror the elas- 
licit) . anibigiiitv . aiid context deperiderice 
that set fiatutal langungcs so far apart from 
svnthetie niodefs. As an alternative, he has 
developed a meaning-representation lan- 
guage ealled I'RLil-: which uses what might 
he described as possihility theory. Instead 
of the twu possible values permitted by 



true-ialse logic, through possibility theory 
one can represent the meanings of fu/zy 
quantifiers such as many, most, few: and 
almost glh modiriers such as very, more or 
Tess, quite, rather, arid extremely', and fiiz/y 
qualiTiers such as quire true, not very likely: 
and almost impossible 

So far it is relatively easy to leach a 
human subject to irarislale from a rialUral 
language into PRUF but very hard to write 
a computer program that cpuld perform 
similarly without hurriari aid or iriiervcri- 
tion, Zadeh therefore is building on his 
early work, which focused on fairly simple 
propositions. 

Basic research in informatiori seiehce, 
as exemplified in this project, will increase 
our uriderstariding of the way information 
is represented arid used iri both brairis arid 
machines, in the contact betv.'een them: 
and in the abstract. It is only through such 
furi^damerital uriderstaridirig thai we cari 
improve efficiency in storing: manipulating: 
retrieving., recpding. interpreting, and using 
iriforriiatioh. 

Information technology: 
Graphics and Layout 

Scientists at Stanford Uriiversity have 
been studying the use of computer systems 
to generate, represent, and display both 
textual lirid graphic irifbrriialibri. Working 
under Donald K. Knuth, the investigators 
are cbneerned primarily with the structure 
bf sUch iriforrinitibri iri terriis of two-dimen- 
sional iayoui: This could be the chapter/ 
section/paragraph organization of u book, 
the scheriia of a data base, the syntax of a 
computer program, or the striiciiire to be 
represented in a drawing: 

Historically, the enormous growth of 
aVLUllible compiiter power has suggested 
more and more ways to upply compuler 
technology in preparing documents, jndiis- 



iry and acadeniia have responded with a 
slrearii of tools, both hardware and soft- 
ware; But the fUnctibris bf these ibcls have 
traditionaiiy focused on distinct activities 
such as text editing, data entry, and lype- 
*JL^ P'" crbss-applicatibn 
of concepts: Knuth hopes to develop a 
model to remedy this situation, making 
useful furietibris available froin one activity 
to another. 

Another area under investigation is 
graphic composition. The generation and 
mbdificatibri bf graphic iriforriralibn have 
not received much scientific atlentibn, TrUe. 
there are ways for users to specify figures 
as cblleclibris bf lines arid dbts. But there 
has been little study of figures as structured 
aggregates of shapes, so as to allow their 
isblation frbm any particular tvvo-dimen- 
sional laybul. for exi'mplc. Still aribiher 
area of activity is that of specifying layout 
via cbmpiiters. Here the Stanford team has 
cbricerilrated largely bri typeseliing systems." 

Research like this is laying a foundation 
for the design of future systems to prepare 
docuhierits. Aril brig the results from Knuth 
and his colleagues are these: 

• A large family of typefaces called 
"Coin p Liter Modern." These have 
already been used to prepare thbus- 
ands of documents on a wide variety 
of niachines. 

• A prbgramriiirig language for the de- 
sign of Chinese characters; 

• A computer language to specify tech- 
nical illusiralibris. In this language text 
and graphics are automatically adjusted 
to the layout of a page. 

• Algbrithms for bpiimai line breaking 
and pagination, 

• techniques to compress information 
a thbiJsa rid fold, for cfnclent commu- 
nication belweeri a host cbriiputer arid 
a primitive typesetting device; 
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hose ^cichcc> locus on iHc cHiirucicr- 
isiics of tiie earth: its atmosphere, 
iind the tar reaches of the universe. 
I'heir ht)undless spatial extent is matched 
b\ a time spaii that ranges froni ihvesiigu- 
tions oi* galaxies as they were 10 billion 
\ears ago to work on current weather and 
cliillate phehohieha arid vblcariic eriiplibris. 
Bc>ides satislying inicllectual curiosity, such 
studies enable scientists to predict environ- 
hiehtal changes arid hazards with greater 
accuracy; They also provide basic int'or- 
nuuion on natural resources. ' 

I'he r-'ouridatiori helps advance knowl- 
edge in all areas ofgroUrid-based astrbribriiy 
by awards to individual astronomers, fund- 
ing tor nevv instruments, and support of 
tlve halibrial astrbrioiiiy ceriiers. Recerii 
achievements includ:: 

• Conilrniation pi' the theory of pulsa- 
tion iri white dwarl stars. 

• Chemical analysis of globular-cluster 
stars that arc among the oldest in our 
galaxy. / 

• Observation of a radio source believed 
to be a bjack hole al the center of the 
Milky Way. 

«• Discovery of po.ssible coririectibris be- 
tween sunspots and terrestrial weather: 

Athiospheric sciences draw on kriowledge 
frorii riuiriy fields of scierice arid mathe- 
matics: in 1982 NSf- supported atmospheric 
research through grants to academic in sti-_ 
tutibris arid cbrilracls for the bperatidri of 
two national centers: 

Recent studies have yielded new knowl- 
edge of the possibly adverse clirriatic effect 
on the atmosphere of H si rig curbbri dibxide 
levels. Other findings bear importantly on 
air-traffic safety problcrns, drought predic- 
libris for water-dependent regibris, arid the 
role of mountains in storm development: 



The earth ?icierice.s. in which NSF sup- 
ports the bulk of acadenuc research, in- 
vestigate the earth's evolution from its 
beginning to the present^ its chemical and 
physical prbperties, and the prbcesses that 
produce its characteristic features: Earth 
scientists also study the evolution of life as 
seeri if* the lossil record. 

New achievements in the earth scierices, 
some of them implicit in the theory of plaie 
tectonics, include; 

• Discbvery iri cbastal areas bl ihe Pa- 
cific Northwest andl^Jcw Erigiarid bf 
large "displaced terrains" that seem 
to have Originated far to the south. 

• Development of rnbre accurate predic- 
tive capabilities in mineral exploration: 

• Deduction (from measurements offre- 
^uep.cy shifts in seismic waves) of the 
large-scale aspherical structure of the 
earth. 

Ocean scientists in 1982 gave increasing 
attention to; 



• Studies of the sea floor. 

• Iristrurrieritatibri for acoustic sens- 
ing of subsurface currerits arid water 
masses. 

• Physical circulation processe.s of the 
coastal Ocean. 

• Processes controlling physical, chem- 
ical, arid biological interactions at mid- 
Ocean ridges. 

• Deep-ocean sediments, especially stud- 
ies relating to ancient cjimate. 

New techniques and instruments enabled 
bceari scientists to produce detailed, real- 
time maps bf the sea Hbbr arid to ideritify 
areas for specialized scientific stady: Using 
the new tools, ocean scientists continued 
to rtiake striking discoveries about deep- 
sea hydrothermal verits and their communi- 
ties of unusual maririe organisms. Based 
bri hydrogeri sulfide, the food chairis found 
near active verits may give clues to early 
life on earth. 



table 4 

Astrohottiical, Atrfioipheric, Earth, and Ocaah Sciences 
Fiscal Year 1981 and 1962 

(Dollars in Millions) 



Fiscal Year 1981 



Fiscal Year 1982 





Namber of 
Awards 


Amburit 


Number of 
Awards 


Amburit 




225 


$ 58.37 


212 


$ 59.10 


Atmospheric Sciences* 


486 


69.27 


477 


70;34 




516 


27:86 


340 


29.49 


Ocean Drilling Programs : 


20 


22.00 


17 


20.00 


Oceari Scierices 


618 


74.97 


7Z0 


75.03 


U.S. Antarctic Prograrn 


148 


67.45 


152 


6850 


Arctic Research Program 


66 


_ 5.81 


78 


5:90 


Total 


2,079 


$325.73 


2,206 


$328.36 



'Includes National Resaairct) Centers 



SOURCE; Fiscal Yeartl 1983 and iSe^ BuHgets to C brig ress^justiiicat ion of Estimatea of Appropriations {Cuantitativa Pro- 
gram Data tablesj 
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Several icderai agencies, including NSF, 
support research in [he arctic, f or the ant- 
arctic, though, the President bl the Uiiiied 
Stales has reaitirmed the Foundation's 
resppnsibiliiy for funding and managing 
the I'.S. program there. 

in Antarctica in I9S2; paieontoiogists 
reached a goal that had eluded science for 
hair a century— llnding u fossil land ani- 
mal: The firid established that Antarctica 
\^as a land bridge betv^een South America 



Astronomy draws on the principles of 
physics and cherhistry to investigate the 
cinivcrse; The past decade has witnessed 
impressive progress in astronomy^ as we 
hiove ii)\vard an undersiaridirig of many 
pu/./les arid a realization of how diverse 
and awesome the universe is. 

Quasars, astronbrriers now generally 
agree, are the explosively active nuclei of 
galaxies too remote for convincing detec- 
tion even by the largest telescopes. Entire 
classes of galaxies may have cxpt^riericed 
quasar otitborsts; Theoretical investigations 
of gravitational singulari*:es have established 
a cbriiiectibri between black hble.s arid the 
laws of thermodynamics: Recent computer 
efforts to analyze the distribution of a mil- 
lii>ri galaxies across the sky, along with 
atteiilpts to delermirie the distributibri bf 
galaxies in depth, have opened a new branch 
oi" cosmology. 

Observations o( the sarrie objects in dil^ 
fercnt portions of the speciram have become 
coinmon. These observations give fresh 
irisigh;s irito pheribrrieria that oriee seemed 
beyond human perception: Through obser- 
vations at infrared and radio waveienglhs, 
aslronoiiiers can now prbbe the structure 
and chernistry of interstellar clbUds, gauge 
ihe importance of supernova explosions 
and dcnsily-uave shocks to star formation, 
and begin ib uridersiarid the origins bf plarie- 
tary sy.mems: Many sources of x-rnys and 
gamma rays are the products of gas accre- 
lioii onto neutron stars br black holes, 
astronomers believe: They have deduced 
niuch about the evolution of stars into 
objects .such as these. 

f'br the explbralibri bf new realms bf 
space and energy, astronomy depends on 
insirumenls and deleciors of ever increas- 

o 
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and Australia about 50 million years ago. 
Other research in the polar regions ad- 
vanced kribwiedge bf global climate. In 
Antarctica; for example; satellites measured 
ice sheet elevation and unmanned stations 
mbriilbred climatic circulation. In the arc- 
tic oceanogr^phers measured heat passirig 
through the main strait between the Atlantic 
arid Arctic oceans, a flow that helps deter- 
niirie Ibrig- arid shbri-terrri variations in 
the earth's cliitiate: ^ 



ing power, sensitivity, and resolution. The 
development bf highly efficierit eleclrbnic 
detectbr.s has allowed optical astrOribmei:s 
to glimpse galaxies fainter, older; and 
more distant than ever before. New devel- 
bprrierits have rriade it rribre feasible, bblH 
technically and economically; to boild much ^ 
larger telescopes for optical and infrared 
wbrk. Cbrripuiers too have becbrrie fast 
arid economical: They are now es:scntial 
tools to reduce ever more rapidly accurn- 
ulating data, process images bf cbrilinually 
greater detaik arid db iricreaslrigly complex 
theoretical calculations. 

Siili beyond the limits of current obscr- 
valibrial capability is the resblul[bri bf sev- 
eral critical problems; These include the 
formation and early evolution of galaxies, 
the energy sburce bf seeriiirigly fasler-ihari- 
light motions in quasars; and the stellar 
motions and energetic processes in the cores 
of mariy galaxies and globular clusters. 

The Natibrial Academy bf Sciences ha:s 
published a comprehensive program of rec- 
ommended research, entitled Astronomy and 
Asthyphysics for thel97iAs. It sets fbrth bp- 
portunities: plans; and priorities for those 
two areas during the current decade. 

The Fburidalibri suppbrls astrbribrriica! 
research at more than 140 universities, pri- 
vate and federally owned observatories, and 
industrial firms. It docs thi.s thrbugh re- 
search grarits and by providirig obscrvirig 
time at the observatories. Ground-based 
and theoretical sitjdies of the compbsitibn. 
slruciure, arid evblUtibri bf the sUri. th*: 
solar system; stj^s, Sterstellar medium, and 
galaxies all .recei^>tt-Tunding. NSF also pro- 
mbtcs ihe develbpriierii bf riew irisiriimeri- 
tation and cbmpoting capabiiitics to aid 
these studies. 




Astroriomers Ihroughoiil the riaiibri have 
access to telescopes, instruments; and facili- 
ties that are arnbng the largest and most 
iidvariced iri the world. They cari bbserve 
in optical; infrared; and radio frequencies 
at the five naiional astronomy centers sup- 
ported by NSF: 

• The National Astronomy and iono- 
sphere CcFiter in Puerto Rico. 

• Kit] Peak Natibrial Observatbry iri 
Arizona. 

• Cerro Tblblb Iriler-Arrierican Obser- 
vatory in Chile; 

• The Natibrial Radib Astrbribrtiy Ob- 
servatory; with observing sites in West 
Virginia, New Mexico, and Arizona. 

• Sacrarrieriib Peak Observatory iri New 
Mexico: 

Iri additiori to aiding visitirig astrbriomers, 
staff members at these observatories do 
their own research as well. 

A New type of 
Variable Star 

Most stars whbse brightnesses vary with 
time do so because of changes in their ra- 
dius. These changes alter not bnly the radi- 
al i rig surface area but, more impbrtarit, 
the density of the radiating surface layers. 
Most stars known to pulsate are rather 
lumiribu.s, typically while br yellbw giarits 
with briglitness variations repeating in cycles 
on the order of days in length, Or they uie 
red .supergiarils displayirig rriuch .sib we r and 
less repetitive variations. Not Until riirie 
years ago, however, were variable stars dis- 
cbvcred am brig white dwarfs, the ancient 
relics markirig the erid bf stellar evbliJiibri 
for all stars no more massive than our sun: 

White dwarfs are hot yet faint by virtue of 
their siri all diameters. vvHieh are cbm parable 
to those of planets: These stars have col- 
lapsed us the result of internal exhaustion 
of their hydrogen fuel through cbn version 
to heavy elemerits. Since while dwarfs retairi 
most of their original mass, they are quite 
derise. A typical cubic ceniimeier of their 
riiatler weighs l(K) kilugrarils. 

Though only some while dwarfs are 
observed to pulsate, all in a parilcular color 
rarige do. This implies thai all while dwarfs 
pass through this phase at some lime dur- 
ing their nearly expired lives, making them 
the rribst cbmmbri type bf variable siiii's. 
Such bodies are the best practical labora- 
tories for tests of pulsation theories. Their 
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high densaics result in periods of only a 
i'cvv minutes, pcrmitling many cycles to be 
\viinessed iri a single night. 

I)(;:spile the exhauslibri of their internal 
hydrogen: most white dwarfs still have a 
residue ol' that element jn their surface 
layers. Such is the case with the variables 
called Ceti stars: The surfaces of some 
vvhite dwaris. however, contain only helium. 
Ooriald Wihgct of the University of Texas 
predicted a year ago that helium-rich white 
dwarfs of a certain temperature (color) 
range should also pulsate. He aiid col- 
laborators tduard Rbbirisbh arid Edward 
Nathcr: also of the University of Texas, 
and (Jiiles f onlaine of the University of 
Mofitreal. turned a 91-centimeter telescope at 
the McDonald Observatory toward a star 

ith the proper characteristics; they found 
that the object (designated GD 358) did 
indeed pulsate. 

1 he star has a mass about 60 percenl 
that of the sun. a radius ahout twice that 
i>f earth, arid a surface temperature of 
rt)Ughl\ 22.000 degrees centigrade. It is 
the first type of \ ariablc star whose exist- 
ence \vas predicted by theory prior to its 
disctn er \ . 

This finding is a direct confirmation of 
\\ hite-d\varf pulsation theory. Since the 
details of stellar pulsations arc related to 
internal structure and coniposition, astro- 
physicists can now probe the interiors of 
white dwarfs in much the .^ame way thai 
geophvsiejsts use seismic waves to study 
the interior of the earth. The probes may 
add signiHcantly to our understanding of 
the late stages of stellar evblulibri arid the 
carU historv ol star formation: 




The Chemistry of Globular 
Clusters 

Am^)ng the most beautiful arid fasciria- 
ting objects in the sky are globular clusters, 
each consisting of hundreds of thousands 
t)f star* occupy ihg a space about 100 light- 
vears across: All the stars in a globular 
cluster must hayc i'ornied at the same lime 
troiii riiaierial of presumably uriifor'Ti cherri- 
ical compi)sition. mainly hydrogen arid 
helium, Thus any present differences in 
the stellar luminosi* y and temperature dis- 
tributions ariioh}* these clusters shbuld 
rehcct nothing more than their differing 
ages. Heavy elements build_ up in the cores 
of the slai-s frbrii hydi-bgeri through ihermo- 
nuciear fusion: 
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StM^j^T^^^^'cllv^sirdno and Judith Cohen adjust ©qulpr 

"lenLpn.tlheirte^^ Instrument at the KItt Peak Nailonai 

Qbseryalo.ry; Cohen's is the five-meter telescope onPalomar Mountain, Recently these two 
scientists have done imporiant work on gldbuiar-cluster stars. Their f Iricllrigs will help us 
learn more about stellar arid galai^ttc evdiutibri. 
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t iit'i >i ^"i K.il "c.ik'liLiii.Mis rev c.n llic sKirs 
ill j'l\»hiii;ir c l(is(crs lo be ailU)nQ t he oUlcsl 
i»i>n.\ls in (Uir ^aj.iw . seidnu a lower liniii 
iM) tlic .iuc iii iiic liniMTsc *ii about 15 ImI- 
li^Mi vc.irs I luis iiUUuilar cluNtcfs c\liiHit 
I be iiiosL pristine surlacc compositions 
nbscrs ai)ic, 

N\ itb ific av .iil;ihilit\ ot sclisitisc iicu cicc- 
tiu-n.' detectors aiui large telescopes (siich 
is tin- toirr-nieter relleettirs at C'erro in! 
>'lo uicl Kiti Peak), astrotioniers eaii iiou 
"bscrve lauil pldhLilar-eUisler stars hctler 
[ban e\ef fK'loie. Ihe.N ean also analwe 
t be stars' efieinfstr\ speetroseopicall> urth 
liiipreeeUtMUe.l aeeuraev Reeelitly the> have 
buuul a luiiulrctllolii dritcrencc in hea\y- 
eienient ahnmlanees ni ^zlobular eliister*> 
near the same aye: tfiese lindinys are \ ield- 
valiiahle nlsiizhts into the earlv evolu- 
tion ot our i!ala\\ . 

IMu)tonietric observations at C erro Tololo 
iliU Patoniar Mouiitaih have revealed larjie 
vaiiatroris ni tfie aliurulanccs ot" earbon and 
nur4)t:en among stars in the sanie eluster, 
I lis \wirR uas dorie by James Hesser and 
Robert Met Itire of the [^oniinion Astro- 
pliNMeal Observatory and l)a\id Martuiek 
o\ the I niversity ot" V ictoria. The behav- 
itir lhe\ observed, uhich is noi seen else- 
\^here rn tlie i!ala\\. has been eontirnied 
[iihottinietrieai!\ and spectroseop' jall\ b^ 
Roller Hell ol the lihiversit> o\' Maryland. 
Robert Dickens ot" the Ro\al Greeiiwieh 
Otiscrv atory . and Ben^i Ciusialsson ot 
[ ppsala I ni\ersit>. Ihj;. used data from 
\usiralia aiid South ;\t"rica. 

C .irlion arui nitrt)iien are important in 
stars both because their liiie strengths are 
iisuallv reliable lildiealors of luhiinositv aiid 
l)ecaiisc these elonieiits act as calal\sts in 
liic tusion reactu>ns. In order for the car- 
bon and nitrogen t'ornied in stellar cores 
to altect stellar-stirtace conipivsitions and 
spectra, these clenients niu.st be transported 
v>iiiv«iard tbroiigh each star b\ some liii usual 
process that is perhaps associated \<ilh rapid 
Cvire rotation. It is also possilWe that, eon- 
tr.ir\ to accepteii iheors. gk^bular clusters 
hia\ [Kive been l)orii uitli signitlcaiit ehetn- 
ical inhoiiiogeneitics; 

I urther ct)mplicatinu the pu//|e are 
discrepancies rioted between abundances 
clechiced speclrosCopiCaHs arid ihi^se Interred 
trt)ni the Ci)iors ol' globular-cluster stars. 
I licse discrepancies. Found by Catherine 
Rilachtnv ski i)!' Kiti I*cak. Judith Ci>heri ot 
C a.jtech; and iheir respective colleagues, 
nias indicate that globular clusters are 
e\eii poorer in heiivy elctnerits thiiri brice 



thoiigtit; this has serious iniplicatioiis lor 
u'iiileisiruidiiig of stellar aiid galactic 
evolution. C'larit'ication ot tllese rilatleis 
ma\ cotiic trom observations ot'\er\ old; 
laiht stais in oiir gala.\> — and ot" globular 
clusters iii (iitler galaxies — uitii the space 
ti^Cicope of the Nat; )nal .Aeronautics and 
S[)ace Adniiiiistration (NASAj ..and a 
luige. grouiid-based iiislruiircnt calleii the 
National Ne\^ tecbnology Telescope. The 
latter has on> been proposed at this writing.' 

The Galactic Center 

I he center ol" our Milky Wliy gala\\, 
Ivnig in the c»Mistellaiion Sagittarius, is one 
ot" t he brightest radio sources in the sk> . It 
\<as the tlrst e.xtraterrcslrial .-radib source 
detected (in I9:'^2). but I'or ye;iTs it remained 
nnsterious. Radio telescopes lacked the 
resolving piouer to reveal inaiiv details, 
and clotids of gas and dust in the galactic 
plajic blot^i.ed viewing by optical lelescopes. 

Intrared radiation does penetrate this 
iriterstellar riiaterial but iS absorbed by \<ater 
vapor in the earth's atmosphere. During 
the past tew years, houever. telescopes sensi- 
tive to iiifrared wavelerigths have beeii f1o\<ii 
abcard aircraft and operated at high: dr\ 
mountain sites like Manila Kea in Hawaii.. 
These instruments h.'" e revealed a ring of 
silicate dust in the core of our galaxy at a 
temperature that might be explained b\ 
tlie presence ol a heat source like a cluster 
ot" hot. yolirig stars. But such a cluster \<oUld 
have to occup> a volume about one light- 
\ear across — far n -.ire compact than the 
usual congregation of stars. 

Recently; fvoliert Brown of the Na- 
titMial Radio Astr'Moni) Obser\ a_.tory and 
Kenneth Jiibhstt>n ol' the Naval Research 
Laboratory have succeeded ill observirig 
the galactic center, losing the Very Large 
Arrav [VLAj telescope, they have discov- 
ered, at the ceiiter o( the dUst ritig, ah 
e.xceptiiHially small and luminous radio 
source whose Ct^rc has a remarkable, spiral- 
like piatterri. The gas in the spiral pi>ti<-'rn 
seems to tlou outward from a still smaller 
si^urce at the rale of abt^ut ope solar mass 
per millennium and at veh^cities in excess 
oi }50 kiliMlieters per sccorid. 1 he ceritnil 
source varies strongl\ in intensity on a time 
scale of about a da> . Since dsnamieal ef- 
fects cannot propagate faster thiiri light, 
this variation in intensity indicates that 
the object is comparable in si/e to our solar 
sy stein. 




1 iie spiral pattern ol oppc^sing gas jets 
iiiiiiiediaiel) suggests siiiiilar tornis gliiiipscd 
in qiiiisars h\ a tiigh-resotiiiioii radio ICcfl- 
nique ealled \er\ long baseiinc interfer- 
omcirv (V'lT^I). Quasars arc hiiiidrcds of 
liiiics illore luiiiiiious thari our eritire Milk> 
U a>. rtiis prodigious energ\ output is best 
explained as the b\ -product of an infall 
cif gas arid dust froiii a rotatiiig disk to a 
ecu I rat; supermnssivc black tu)lc embedded 
in an oihcrvMse normal galaw . Iixcess mate- 
rial ma> be expelled along the axes of such 
a disk, aiid a spiiiiliilg blaCk hole \<ould 
cause the disk to ^^obllk^ producing the 
spiral jets we see. Thus the centers of most 
galaxies, including oiir own. may \\ell cori- 
tain similar, though less massive; objects; 

On the other hand, sgme galaxies show 
no evidence of central bl.ick holes. George 
Rieke (if the tlniversity o\' Ari/()ria has 
studied the infrared spectr.i of stars within 
about three light-year.s of the galactic center. 
He has suggested that our gala.xy's Central 
object may be nothing more than a new|\ 
formed cluster of supergiant stars. Resolu- 
tioh of the iiiystery sijrrouridirig the central 
objects of galaxies and quasars may have 
to await su.' new r.idio telescopes as the 
proposed ver\ long baseline .irray. which 
will spaii the eritire country. 

Solar Magnetism 

Ne.irlv 140 years ago a C^erriiari a til a tear 
astronomer discovered the 1 1 -\ ear solar 
cycle. Duririg this c>ele surispot.s appear at 
intermediate latitudes on the suri's photo- 
sphere, drift toward the equator, and dis- 
a[)p^*^'f. Sever.il other solar phenomena 
occur in the sailie areas arid var\ in Ire- 
quencN and si/e according :o the same 
period; thc\ include brighi t hroni'^siihcrie 
patehes (plages). filaineiit.>. flares, iirid 
prominences; These centers of acfivits 
represent the emergence (if t>ne or more 
loops of magnetic field lines. 

The solar atiinisphere is sirorigl\ ioi1i/cd. 
and the magnetic fields and irrii/ctl gas 
are locked together. A sunspiot .ippears dark 
beeause it is a locali/ed regioil of relativcK 
cool gas trapfietl in a strong magnetic ficlo: 
Such a Held represses the eonvective out- 
flow of etiergv bUt is eroded b> the rising 
gas and eventually merges with a general 
network corresponding to the supergran- 
ular patterii of rising eonvective cells, 
t'oupling between this coiuective flow 
and the rotation of the sun is thought to 
gener;ite a global dynamo; its oscillation 
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hcuvooi) iwo ticlil pcoiitctrics and nuipnctic 
poi.iriiics result s 111 I lie soi;ir ovclc. 

Sciciiiists iii ict^'U vcars H;i\c uiicovcrcU 
scvciii! possible liuliicc'lioiis hctuccn the 
sun s .icitvilN cvc'Ic mid tfic earth's ucatficr. 
Ilisiiu ic.ilK , surispois \ irtualiy disappeared 
UliniiL' f uroi>c's little lee age ol the 17th 
cenii.r. In more recent times; droughts 
iia^c Lined iM the western and niid- 
wesicrh I iiiied Stales lii everv other sun- 
spot nimrmifnt ! he earth's clihiate is 
i|uiie sensitive to changes in the sun's total 
luintnosiiv Sirice more than hall the energv 
the siiii nidi. lies ihti) space results t'rohi 
con\ccli\e transport, llie elTecls of niag- 
nenc iiclds on solar eorneclionmay have 
unporiaiit con sccjiie rices lor all life dri earth. 

I he poSsibjlii\ of variatitMis iii siilar luiiii- 
Mositv has intrigued scientists tor decades. 
I reeentlN. though, uncertainties in the 
ua\elejigth t ransrnission ot the earth's 
aliiiosphere and in the wavelength scnsi- 
ti\it\ o\ raduimetric detectors precluded 
tiisco\er\ til'thtise variations. The first detec- 
tion Clinic as a Correlatloii heivscen prevj- 
vnisl\ unknown lluclualions in solar luin- 
iiiosiiv. round hy N.ASA 's Solar Maximum 
Missioii salelMle. and the passage suri- 
spois across llie solar disk. 

The ne\i detection was made from the 
ground hv Williani 1 ivirigstoii of Kitt Peak; 
lie Ititnui a drop of six degrees centigrade 
since t he [ircv lous sunspot minimum in 
|97ri-^fi. I ivingstoh shovved for the lirst 
[line that ttie stiir*. outncnv oT energy is 
[lariiallv conlrolled ovc: the entire surface 
b\ It*, magnetic Held: the finding confirms 
a tfiei)!") prt)posed iii 198U hy !:. A. Spiegel 
oT ( olumhia I'niversilv and N. O. Weiss 
ot tfie Harvard-Smithsonian Center Tor 
\siropih> sics. I. ivingstoh mohilbred tlie 
^cin's tt-niperainre with the McMaih Solar 
ielescope. the largest such instrument in 
the wUrld. which is equipped \\'rih a Fou- 
rier iraiistorm spectrometer. 



the ohscr\atol->. whcrja .U -iiieicr anioiina is 
located, and the other 17 kilometers n()rth 
ot the main site and honie oi' the lligh- 
I reLjiienev loriosphei-ie Meatirig I'aeilitv. 

Several receiver systems have Uiidei-goiie 
recent iiii.provemeni^ Nlost important was 
the iiistallatioh oi a dual-channel er>ogenie 
CiaAsJ'IT receiver, which has dtuihled the 
svsicm sensitivity at the 2 1 -ceiuinieter hv- 
drogen line and greatly increased both. the 
quality and quahiilv of the hvdrogen-lihe 
data. The recci\cr made s()riie tibservaliohs 
ieasihie tor the i1rst lime and quadrupled 
the telescope's "speed" by reducing the time 
required tor other ohsci-vatioris. .Nnother 
iniprovcnient in sensitivity came from the 
installation of dual-channel. 2..^S(j-mega- 
hei-t/ iliaser receivers at the main telescope 
and at the Sl-meter antenna 

kltt Peak National 
Observatory ^ 

KPNO is opei-ated under ccintract with 
NSI- hv the Association of tJnivcrsities lot 
Resc.'.rch in Astrgnoniv. Inc. {AUR.Aj. a 
iionprofit cbrisortium representing 16 uni- 
versities in the LJnited States: As the iia- 
tion's main 'Jenter for.oplical and inlVared 
astrbridmy research. KPNO provides U.S. 
astronomers access to the large telescdpc-s. 
auxiliary instrumentation, and support ser- 
vices needed for ohservationai__and iheo- 
i'cHieal i-cseai-ch in galactic, stellar, solar, 
and planetary astronomy: 

Besides operating 12 telescopes, KPNO 



oilers sites aiid services on Kiii Peak ior 
six i11oi-e telescopes operated hv olhei" 
insiitulions. Its iour-meter Mayall rchccior 
is e spec i a 1 1 \ well equipped, an d the M e- 
Math Solar Ielescope is the lai'gesi slich 
instrument in the world: 

The observatory is located S4 kilpmelers 
southwest of I'ucsori. An /on a: it has ex- 
tensive laci lilies, itieludiiig woi'k shops, 
a dining room, and dormitories, in addi- 
tion to telescopes and auxiliary inslrumen- 
tiilivMi. The KPNO TUcsdii headquarters, 
adjacent lo the University ol' Arizona cam- 
pus, has staif and visit ing-aslrononier 
offices, a com pule r cenier. and extensive 
engineering and technical facilities for the 
design and fabrication of telescopes and 
iiistrumeriialion. 

KPNO also has importahl prdgrams in 
lie lector development, optical coalings, and 
diffraction gratings: these benefit the entire 
astronoriiical cohini unity. As a result oi 
Its \s ide capabilities. Kitt Peak participates in 
the technologv development program for 
the Natitirial New Teehridlogy Telescope. 
This instrument: of the 1 5-meter class; will 
he the principal ground-hased project for 
U.S. optical aiid infrared astronomy re- 
search ill the next decade. 

Cerro Tojpio inter-American 
Observatory 



Like KPNO. Ccrrb To Id I o is run by the 
Association of Universities for Re:search 
in Astronomy, under contract with the 




National Astronomy and 
IbnbspHere Center 



N.\!U is operated by Cornell University 
uitder CiVhiract With NSK: The center sup- 
ports research programs in radio astronomy, 
planetary radar astronomy, and alrridspheric 
science. NAlC's principal ihstriimeht, lo- 
cated near Areciho, Puerto Rico, is a 305- 
meler antenna, the v\orld's largest radio/ 
i-adai- toleseope. NA!C iilsd ojDerates two 
rcnune sites — one I i kiiometers north of 




ElveMNe dfetof in saMn. This phofbgrsph of ftm ^ril gilaxy W^_^lthjh 
exposure ^Irtie of only 10 sesbhds, using Cerrb Tblolb^s fbur->rneter telescbps--*hewty 
mJ P wit h a c harge-cbu pled device. M 64 jle^ 25 jrn ij lion I [aht-years awayj n t He c on stej- 
iatjon of Cpnia Berenices. The device— aj?roiuct of Ki^^ effort to develop better 

instrumentation— has made It possible for astronomers to observe at much greater magni- 
tudes than befoi-e: 
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i oitiivi.il iiMi I his obsLT\ .ilorv "s sf \ - ;i »>p- 
iic.il tclL-s^opL-s .lie ific v>Mly ones gLiicr.illv 
;i% ;iit;tfilc (n I S scicinisis \\)r siudvihp the 
siujihcrii skiL-s. iiicv iikIikIc a t'oLir-incicr 
[L'tlcctor. tlic SoiiificTii I Iciiiisphcrc's largest 
A i\v iii to lllc Kf'NO M;i>;ill IclcsLopic. 

( f io hcMcicjuarlcrs arc in the coastal 
loAii ot i a ScrcM.i. ( liilc. soiiic SM kiloinc- 
icis hv roail (rotn llic fnoiiiitain site ol tlic 
icIcscofK's: I fic laiiiuclc ol M) deprccs south 
ami I fic c\».cptioiial!> i:ood ainiospjicnc 
*.ohdilhMiN i;vcr C crro f ololo tiiniish ulca! 
^\ iulil ioii N |oi tile s([j(jv otsilCh !l11pi)ri;iMl 
SiuithLin f Icimsfificrc ol>|ccl*; as the Sla^- 
clianic ( Knid> jnil the eeiiiral regions ol" 
(Hii iHv ii L'aiax V . 

Ohscrvino capabihiies .-.t (IK) have been 
j_'reallv ciih.uiccci hv the introiluelion ol a 
V hai L^e-ctMipletl-dcv iee e;ifiiera system at the 
prinii* lociis of (lie t'oiir-iiieter telescope. :*\ 
product ol KI'So inslruniciUation devcl- 
opiiiciH. the s\stcni has ,i peak sensitivitv 
near a uavelehLMll ol b.iKM) ahi!stroi11s — vv itli 
sonic usable rcsjiorisc below 4. {)()() anu- 
si ronis ami ahov e I O.()00 anL'stronis. How 
I. till! an ob|cci the camera can ohservc 
depends oil such factors .is skv hrighlness 
and aimosplicrrc transp.ircficv . hut in prac- 
tice It has been possible lo reacli ->lh riiai^m- 
liidc With c\p> isiirc I j (ties t^l tMie hoiir; I his is 
two niai^nitudes iainier tlian has ever l^een 
re. idled [*iiiotoijra[ihicatl > with lonj: c\[>i>- 
-^u:cN >ii the ( IK) loUr-ineter telcsco[*ie. 

National Radio Astronomy 
Observatory 

NK \() 'V <>nc ol the vvorKi's prnicipa.l 
v Cntcr s loi r tdio astriMiofii v . Operated bv 
\ssocMicd I nivcrsities. Im; . NR \() h.is 
telescopes .it tluee sites, its headquarters 
;ind ;t d;t(;i-pfMCcssi np center are in ( har- 
loltcs\ lllc. \ irL'inia, 

Ilic two sinL'Ic-dish p>;-nieier .md 4^- 
inctc! I iclcsci^pcs at (ireeii f^ank; U est 
\ iiL'inia. aic hca'. tl\ hooked bv obser\ers. 
vvliosc :•, Iciest in their use has risen miicc 
the ini [>icinentatMMi of liiore seMsiliVc re- 
ceivers ( )hscrv alioirs can be made at praL- 
li^.ilb .mv u a\ c!eni!!h in the rantie t'r.nn a 
centimeter to a meter, f'rcssuie has incrc.ised 
tor Lisc "t it.c 4^-nieier lelcscope for pro- 
I'laiiis in ^erv hmL! baseline interi'ertimcir^; 
i \ i Hi;, ami there has been tnere.isiriii in'tefc- 
icibMi with ihc I i)ri>pe;in \'l fU rielvwirk. 

I he \ cr;. ! arce .Xrrav \ \ ] \) near Soc- 
.Tfi, 1 \. -\ \tc\ico pr.^Mdcs a unique coni- 
bihatnm ot hii^Ii sfiisiiuiiv aiid resoliition 

o 
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tor radio astroiioiin ohserv ations. Its 27 
antehiias are ri)utinely Used in diirercnt Idea- 
liiiil pallerirs arid at the tour standard I're- 
quencies lor continuum and spectral-line 
ohserv aiiims. A ii active elTort eoniinues 
Id ilnprt)ve the V'LA computer sysiein's 
capacity lo collect and analv/e data; 

()n kjtt Peak, the third site, tlie surrace 
oT the 12-hieier telesciipc is being ihiproved 
at this Vv riling, lo allow <ibserv atiims l() 
wavelengths as short as one millimeter. 
Under evaluation is the perrorniance of 
iievv receiv ers lor t lie ohe-hi illiineicT-w a v e- 
length atmospheric window; these receivers 
should he ready lor ohserv ations when re- 
sLirlaciiiti is cdrnpletcd. 

Saeramerito PeaR 
Observatory 

.ShC) is one oi'the world's leading solar 
observatories. It is located at an elevation 
ot" -.7b() hieters in the Liricolh Natitnial 
l otesi in New Mexico, on one ot t he best 



coronal iibserving sites in the eoniinetitaj 
I 'lilted States. I hus SP() enjo\s unusually 
good ohserving Cohdititms. including ex- 
tremely clear and unpolluted skies. 

Sj-'C) has a number o\' unic|uc solar re- 
search lacililies arid is a leader iri applying 
advanced tcchhokigy l() ;s()lar ohservaUon;s: 
its Vacuum Tower telescope produces very 
high rcsolutitm solar itiiages. revealing the 
llriesl details in the solar alnldsphere ohserv- 
ahle from the ground. An impressive array 
of auxiliary instruments permits extremely 
accUraie r1"ieasureri1ei"it.s of velocity and 
magnetic fields in the sun's ainiosphere; 

Both SPO sialj" and scientific visitors. pur- 
sue ail active arid diverse program ol oKser- 
vatii)ns and theoretical studies; These in- 
clude wave motions and tisci Mat ions in the 
solar atrriosphere and the physical struc- 
ture of sUrispots arid ri-iagnclic llelds in iherti. 
SW) scientists have recent I v begun nevv 
research in solar stellar astrophysics, using 
the sun as a basis for siudyihg sdlar-typc 
phenomena in a hroad range ol" stars: 



Atmbsphenc Sciences 



.Athuisphcric science is a discipline that 
combines knowledge Irom phvstes; chcm- 
istrs. mathcmaties. and othci" sciences to 
linprove uiiderstaridirig ot" the earth's at- 
mosphere — from the planet's scirlace to 
outer space, rhrough seven grant. progranis 
and siippnut o\' the National Center lor 
;\lniospheric Research and the National 
.Scicntillc Balloon I acilitv. the l oundation 
supported basic research on a wide range 
ot subjects in fiscal year 1^)K2. 

.■\r:ong the areas covered were the phvs- 
ics. chemistry, and dynamics ot the earth s 
uppcl arid U)vvcr aiiiidsplicre: physical proc- 
esses m the trcipiisphcre and stratosphere; 
wfncli will help explain general atmospheric 
circLilaliim: the phvsical basis ol climate: 
;nul climate processes ahcl lllelr Variations, 
.is well as smaller-scale, slu^rter-term phe- 
lu^men.i leailing lo nu>re Rmuv ledge about 
weather. 

1 he nation s universities contain the 
ricficst intellectual resourcc^ lor the siutlv 
i)t atiiuispheric phcridrnena. aiid NSI- coii- 
liruics to be the chief supporter of acadeniic 
research in the atmospheric sciences. In 
fis^.-al vcar P)H2. Pouiulation grants put 
•special ertlphasis on: 

By 



• Metedrdldgieal processes with hori- 
zontal dimensions of 1 0 to ! .0(M) kilo- 
meters, iri eluding research that will 
iihdergird weather-iTiodificiitioli iicti- 
vities; 

• l)ev eiopment of metht^ds and instru- 
ments lo tlctcrnunc |lj the sdu're'cs 
and sinks of trace substances in the 
atnuisphcre and (2) t heir, chemical, 
dvnamic. and energetic efrccts on the 
atlnosphcrc and on oiiC another; 

• Studies of ocean-atmosphere a.nd ice- 
land ctuipling prticesscs. I hesc w ill help 
us uhdcrstiiiid iihd hu)dcl the clinrate 
sv stem: 

• ( oiapletum of the incoherent sc.itter- 
r.idar Umgitutlinal chain to studv the 
energetics '>f the upper atmosphere: 

National Center for 
Atmospheric Research 

N("AR achieves its illissioii — to increase 
iunilanienial knowledge of the ativios- 
pliere — b\ (!) developing aiul providing 
iliajdi" research facilities and reliiteu services 
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MMturlnji ihe tun^ Scientist Timothy Brown checks NCAR's solar diameter Iristrurrierit. 
Thl_s_re_flectlng telescope projects the sun's Image Into sensors that daily record bpjh the 
horizontal and vertical diameter of the sun. These rrieaiuremelnts.willjell atmospheric 
researchers whether the sun varies In size and how_such a change affects the earth's cllmr*- 
Brown led the team that deveioped ihis insirumenl. 



t<)r the iitrnosphcriL- scicriLCs cornmuniiy, 
.iiid it] planniri^. LoorUihalihg. and doing 
rcsLMrch that requires long-term collabora- 
iioii ainorig seientists ai NCAR, univcrsi- 
ues; arid other liihoratories. 

iiie i oundation sappcms NCAR through 
a eniiiraet with the Liniversity Corporation 
lor Xtliiosplieric Research (UCARj, a con- 
soriiuni o\'A^) uiiiversities. NCAR is located 
in Boulder. Colorado and has a solar ob- 
serving station at Mauna Loa. Hawaii. The 
I nivcrsitv Corporatiori also operates the 
National Seientitic Balloon Kaeiliiy at 
i'arestine. Texas. NSBl serves a eornrnu- 
hltv ol* inv estigators who use high-altitude 
halh)ons lor scientiric research in high- 
encrgv astrophysics, solar and plasma phys- 
ics, and atniospherie sciences. Kcderal sup- 
port ol NSBI is heifig translcrred frbrri 
NSI to the National .Aeronautics and Space 
Administration (NASAJ. 

( urrehl riiajor research eriorls at NCAR 
are in aiinosphcric analysis and numerical 
\\eailier prediction, including climate studies 
arid oceaiiographv : atmospheric chemistry 
and acronomv; solar research arid sblar- 
icrrestrial interactions; and eonvective 
storms. The Center develops and provide_s 
advanced coniputirig laciliiies, aircraft 
equipped lor meteorological research, arid 
observing equipment such as Doppler radars 
lor s()phist icated vveather liieasurerfien ts. 
NC AK also makes it possible for graduate ^ 
students aiid scientists to visit the center 
and participate in collahi)rative or Indi- 
V rdual research; 

Joint Airport Weather 
Studies Project (JAWS) 

I he field p^i'i'^i-' of this ;r ;ior three-year 
experiment li)ok place riear l^eriver, Colo- 
rado in the suniriier of 1982. The siiidy 
lociiscd oil lovv-leve! wind-shear conditions 
diinnc severe thUriderstorms — in particular 
tlic intense downward and outward gusts 
t)f itir (niicrohursts and dovsnhurstsf in- 
volved in a liuiiiher of aircraft accidents 
ami iicar-aeeidcnts during takeoffs and 
landings. |-.arlier work had clearly shown 
iliat the distaiiceN hetvvceri radars and sur- 
face iiieieoroK>gical stations would have 
it> he decreased if a significant traction of 
di)vviihiirsts vvere to he ohscrved. JAVVS 
developed frcuii this lliidirig. with an ex- 
panded application to aircraft safety: The 
Siapletori Airport near f)enver vvas chosen 
lis the field site because it e.xperierice.s niaiiy 
summer thunderstorms: i 

\ 



More than 100 U.S. and British univer- 
sity and goverririierij^ researchers cbllahb- 
rated in the field phase of JAWS: Basic 
research observations and findings have 
already heeri used lb improve local, sho'-t- 
tertn weather forecasts iri the Derivcr aiw^ 
and to j^repare severe-weather advisorie.s 
for the Naiibria! Weather Service. !n addi- 
tion: JAWS invc:^tigators have used the field 
work to test and compare various severe- 
weather detection, warning, and observing 
syslenis. 

The field operation involved coordiriatlori 
of a sophisticated netw ork of observing sys- 
tcTris. Mariaged by NCAR [John MeCaghy 
and James Wilson) and the Uriiversit|sbf 
Chicago (TiKOdore Fujita), JAWS i.s funded 
mostly by NSK, vvith some monies and/or 
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teehnicai support coming from three other 
federal agencies. Participating institutions 
were Cblbradb Slate University, the Massa- 
chusetts institate of Teehriology, the Uni- 
versity of_Wyoming, the University of 
Teririessee Space Institute, and the United 
Kingdom's Royal Sigrialsarid Radar and 
Royal Aircraft Establishments: 

Wind-shear profijes derived from JAWS 
will be used iri flight sirriulalibri training 
for airline pilots. They are also being made 
available to airlines and aircraft manufac- 
t^urers for evaluaiirig aircraft safety and 
pci forniance; S' ^rral national riews stories 
emphasi/ed 'r.c LXperiment's air-safety fea- 
tures after the crash of Pan Am Flight 759 
in New Orleans oti July 9, 1982. 

MicrobursLs have a short life span (2-20 
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•IAW8 ©qulpm#m. Project leader JohnMcCarthy_manltoriLa_bop^ler_i^^^^ 

(Joint Airport Weather Studies) Is an International effort to gather and evaluate lnformatJpn_aboutJhe_cau8^^^ or low-level 

wind-shear phehbmena. This research will improve systems to detect severe-weather hazards and warn aircraft pilots about them. 



niinutes) and occur over a small geographic 
area oi up to four kilometers. Microbursl- 
rciatcd events happened brteri during the 
summer 1982 progr.JH, and JAWS investi- 
gators were able to gather a rather large 
and useful set of data. 

Preliminary results from t^he JAWS re- 
search seemed to confirm the meteorological 
structure of downbursts a^ st observed 
during a 1978 project. Nevertheless, these 
early JAWS results did not suggest that 
unique visual characteristics, such ^is the 
distribution of clouds and precipiiatidri, 
are associated with specific downbarsts; 
They did seem to support the theory that 
the cyaporatiye cooling of the air produced 
by railing raindrops may not be the only 
mechanism capable of starting downbursts. 

Eariy findings also indicate that, alfhougfi 



visual observations cannot detect which 
clouds are producing wind shears, Ddppler 
radars can identify changes in wind speed 
and direction in real time on a very small 
scale. Scientists are discovering that micro- 
bursts occur often enough to pose very real 
danger to aircraft. Because of J AWS, data 
are now available for evaluation so that 
detection arid warning system^ cail be devel- 
oped for hazardous wind shears. 

Great Lakes Snow Storms 

Along the downwind shores of each of 
the five Great Lakes are riarrbw sriowbelts 
where the annual shdwralljs several times 
that occarring at corresponding upwind 
locations. These snowbclts,.which have an 
enormous impact bri local business and 
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agriculture, give d»:cci evidence of brie 
way the Great Lakes inflaence weather 
patterns. 

Lake-edect sribw stbrrris occur wheri very 
cold air flbws across the relatively warm 
lakes: What determines the size, intensiiy,^ 
location, organization, arid duratibri of 
iridi vidua! sibrriis is ribi well uhderst odd; 
learning more about this is the goal of an 
NSF-supported sjudy on storms arpurid 
Lake Michigari. By cbriibihirig data from 
weather-research airplanes, research Dopp- 
ler radars, and fonventional weather-o_b- 
serying systems, Rbscbe R. Braharii, Jr. 
arid his University of Chicago colleagues 
have shown that weather structures on 
several scales combine to Torrii iake-erfect 
sribw stbrriis. Scieri lists from the Uriivcrsi- 
lies df Illinois and Wyoming, NCAR, and 
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MjcrpbursLeffects. Tbls schematic shows the dramatic effect a microburst can have on an 
aircraft's fligfit path; The plane approaching a landing expects to follow a straight-line path, 
the glide slope, to the runway. But as the dbwndraft fans out, the plane first encbuhters a 
hisad wind, which fbrces "ts hbse up, arid then rneets a strongL taljwirid^ wW 
down. At low altit^udes.such as_when taj^lng _off_o_r landing, the .pilot cannot compensate for 
these extreme changes and the plane may crash. The JAWS prolect Is Inv/estigating these 
microbuf sts: 



ihc i;.S. National Weather Service are 
asNistihg in this study. 

Project scientists have found foar dif- 
ferent modes of storm organization. They 
are iryirig to discover what delcrrriiries the 
iiiode oh any given lake-snow day. The main 
factors seem to be air- lake temperature 
differences, wind directioti arid speed as a 
furictibri of height, arid thenna! stability 
of the air upwind of the lake: These factors 
in turn depend on the large-scale weather 
patterns over the riiidwesierri Uriiled States. 

Wind-parallel bands occur but Qsaally 
dt) not produce sustained heavy snows. 
C rbss-vvirid barids. observed several lirries 
on radar, seem to be limited to overland 
areas and do not contribute very much to 
the regional snowfall. 

The midiakc barids arid shoreline barids 
can be much larger; they are also much 
more important in causing sustained heavy 
snow over the lake arid the dbwriwirid shore. 
These two types of lake-effect storms ^re 
large enough to set up their own internal 
circulations, with iow-level iriflbw arid cbri- 
vergericc berieath the lirie of clouds arid 
OQtfiow aloft: Often one finds wind-paraliel 
snow bands over the lake feeding into a 
shoreline band along the dbwriwirid shbre. 



The midlake snow bands over Lake Mich- 
igari seerri lb have several features iri cbrri- 
mon with the major snow buiids of Lakes 
Erie and Ontario. However, the great dif- 
fere rices iri size arid brieritatibri bf the upper 
lakes (Superior arid Michigari) compared 
with the lower lakes (Erie and Ontario) 
result iri rriariy differences in the frequen- 
cies and structures of their sribw barids. 

Along with more knowledge aboQl lake- 
eTfect snow storms, practical benefits ex- 
pected frbrii this type bf research iriclude 
better predictions of winter snow storms, 
more accurate assessments of the role of 
lake-iridiiccd sibrriis iri regibrial water sup- 
j5lies, and perhaps a better understaridirig 
of how the Great lEakes contribute to winter 
weailicr iri the northeast. 

Effects of Valcahism 
Oil the Atmosphere 

Recent spectacular volcanic eruptibris 
have heightened interest in the effect of 
vulcariism on the atmosphere. Volcanic 
^uptibris markedly augment the cbriccritra- 
tion of airborne particles (aerosols), which 
may have global cooling effects lasting up 
tb several years. Mbsi'bf these cliriiatic 



effects are believed to result froiii subinlcrori 
particles bf suirurie acid Ibi-med frbrii sUlfur 
gases emitted by volcanoes; 

The only way to study short- and long- 
lerri) varialibris iri the aerosol layer is to 
have a long series of measurements. David 
j. Hofmann and James M. Rosen, of the 
Uriiversity bf Wyoriiirig, have made balloon 
sound i rigs of the aerosol layer over Larariiie 
since 1971. The series of measurements has 
recorded aerosol levels after several vol- 
cariic eruptibris arid duririg the irilerveriirig 
periods when panicle counts declined: 

In the spring of 1982, El Chichon erupted 
iri Mexico. This has beer* called the biggest 
geophysical event of the ceritUry iri terms 
of potential climatic impact. Three months 
later the El Chichon plume was observed 
over Laramie at 22 tb 25 kilometers alti- 
tude; The basic research project there made 
it possible to observe the early _sta^es in 
the evblutibri bf bblh the Mburil St. Helens 
and El Chichon plumes: For the latter, 
balloon soundings made in situ observa- 
tibris uribblairiable by any other riiearis. 
The high concentrations of sulfuric acid in 
the El Chichon plume suggest that this 
volcarib riiay have a noticeable climatic 
effect, in cbritrast with the Mburit St. Heleris 
eruption: 

The Wyoming project, which has yielded 
the lorigest record bf m situ stralbspheric 
aerosol observations at a single location, 
provides fundamental data in developing 
riibdels bf stratospheric aerbsbls arid their 
• effects on global climate. Included are data 
on aerosol chemistry, particle growth rates, 
the latitudinal spread arid decay rates of 
plumes, arid backgrburid levels relatively 
unperturbed by volcanic activity: 

First supported solely by another fed- 
eral agericy, the Wybriiirig elTbrl cariie u rider 
NSF sponsorship in 1976: Partial, though 
lesser, support since that time has come 
frorii three bther federal agericies. 

NCAR researchers ahso have measured 
the impact of volcanic eruptions on con- 
centrations of various chemical compounds 
in the stratosphere for severa] years. Their 
measurements and those of the University 
of Wyoming scientists should begin to define 
mbre clearly the effects bf vulcariisrii bri 
the atmosphere: 

Western U.S. Water Supply 

The steady shift of U.S. population west- 
ward has intensiiled regional water supply 
jjrbbleriis. Two Uriiversity of Arizona sci- 
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enlists hiivc shown that the early part of 
the 2(Hh cc.niurv. vvhcn ma;pr water rights 
lor the C olorado River Basin were estah- 
Irshed: v^as an abnormally drought-lrce 
period, Now the growing demand for 
uater froiii this basin and the possibility 
of long-term warmer and drier cohdilibris 
in the area both pose the possibility of 
severe regional ^^ alcr eri.ses in droujiht years. 

Charles VT. StoeRlbh arid David M. 
Nteko. of the tlniveisity of Arizona's 
I aboraiory of Tree Ring Research, ha^e 
reconstructed the history of drought cbri- 
diiions in the western United States arid 
found severe, recurring droughts during 
the last 4()() yciirs. They creat.:d the climatic 
record from the variable uidth of tree ririgs 
in the earlier years: coupled with precipi- 
tation and river-runoif data for about the 
last HK) years. 

Siockion and Meko have developed a 
vvater-baiance niodei to identify certain areas 
in the region where a climauc eharige would 
caUSe water slitirtage.s or damage habiiat.s 
for aquatic life: They considered two cli - 
matic changes: (Ij an increase in mean 
ahriual tcriiperature of 2 degrees ceriii- 
grade: and (2) that temperature increase 
combined with a decrease in annual pre- 
cipitation of 10 percent. 

The water-balance model yielded ari aver- 
age i() nercent decrease in regional natural 
streamiVow for the first condition and an 
average 31) percerit decrease for the .secbrid. 
These results assume that the amount of 
mined ground water remains unchanged 
from todiiy. SiJice several of the grburid- 
water aquifers are suffering long-term deple- 
tion, the actual water availability in the 
region is likely to be reduced even more 
than lhi)Sc Hgures indicate. Al.sb. it is clear 
that if there is a reduction in the mean 
streamnow of as little as lO percent in the 
next certtury. the effect bf two or three 
severe drought years back to back will be 
devastating. The reconstructed climatic 
recbi-d shows that such extended droughts 
in the Colorado River Basin have happened 
se\ien times in the last 400 years. 

Stockton arid Mekb are improving their 
model and exteridihg the tree-Mrig recbri- 
structions hack in time and over wider sec- 
tions of the United Slates. Their u on 
this Ltilical topic ha.s iriipbrlarice far nd 
its scientific signincance: in addition u> iheir 
efforts, researchers al_NCAR. as weM as 
others supported by NSF graril.s. are dbirig 
stcidies On the el feels of drought arid water 
supply. 
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No Climatic Change 

Jf'^P^'^^l^J'^ IhcreKe and 
Precipitation Decrease 



PP88lble__drouQh_t. In the year 2000, and assomlng thecarrent rate of groundwater mirilrig, 
some parts of the western United States are projected to have I riiad equate streariiflbw (the 
flow of water out of ari area in ari averse year J. Two scenarios are shown here: (1 Lunchanged 
^' ' "^^J®. ^" ^_ .(2) a ri i ricrease of 2 _d eg rees centigrade m eanan nijal tern per ature co m bl ned 
with a 10 percent de^ White areas are projected to have ede- 

qyat_e_streamfjow in 2000 for both scenarios: These predlctloris come from research on tree 
rings that reveal the history of droughts: The work may help plaririers prevent devastating 
dry spells iri the future. 



Earth Seiehces 
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In the United States arid iri several Eur- 
opean countries, the earth sciences are Sur- 
ged hi rig in a number of ways. The.se inclitde 
the applicatibri bf plate lecioriics theory to 
the structure and evolution of the conti- 
nental crust, more understanding about 
earthquaRe processes^ arid rribre Rribwl- 
edgeon the formation of mineral deposits. 
University enrollments are at an all-time 
high becau.se bf the exeitement generated 
by this scierice arid the clear applicability 
of geological research to problems of 
.society. 

The Fburidatibri sUppbrts fUridarilerilal 
research in the earth sciences throagh grants: 

Bl 



To ericburage .rilerdiscipliriary research arid 
to ensure that there are no gaps in area.s 
covered. _NS_F__has structured its support 
arburid the followirig topics: 

• Stratigraphy arid palebriiblogy— Re- 
search on sedimentary rocks arid fos- 
sils, the framework for interpreting 
pyst cbridilibris arid proees.ses on the 
earth's surface: 

• Erivirorimerital gebscierices — Study 
bf the physical arid chemical prbcesses 
that occur at or near the earth's surface: 

• S:i sm o logy a nd d eep-ea ri h st r u ct u re — 
ObServatibrial. labbralbry. arid iheo- 
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rcUc.i! sluitics directed at a ihorbugh 
undcLsiandinp oi ihc cUrlhquakt: proc- 
ess, how seismic uavcs propagate in 
the cai;lh. arid ihc dcrcrniinaiion of 
earth structure from seismic bbserva- 
tions. 

• Lxperimerilal and iheoreljeaj geo- 
physics — _Res-earch cbricerried with the 
physical properties of the solid earth. 
This iricluUes the e \rth's dimensions: 
its jiiagrictic. electrical, arid gravita- 
tional fields: its dynamic processes; 
and the physica! behavior of materials 
Liiider the teriiperature and pressure 
condiijons of the earth's interior. 

• Petrogenesis and mineral resources — 
Projects thai integrate field, laboratory, 
attd cxpeririierital data to learri what 
liappens in the formation of cruslal 
rocks and minerals, limphasis is on the 
lorriiatibri of ore deposits, 

• Mantle geocheniistfy — StiJdies of the 
geochemical origm and evolution of 
the earth, especially the mantle. Proj- 
ects asc clieniical analyses of rrietebritcs 
and samples of mantle rocks; these 
offer evidence of the earth's early 
coinpositiori iirid later rriodificatiori. 

• I:\per HP-.-ntal and theoretical geo- 
cheniistry — Activities aimed at a rig- 
brt)us and quarititative understanding 
of the chemical behavior of natural 
materials under the temperature and 
pressure conditions encountered within 
the earth: 

Sbntinental Margin 
Tectonics of the 
United States 

The easterri and western margins of *5 
the North Anierican cbritirierit cbntrast 
niarkedly in tectonic activity at present; 
l.arthquaRes. volcariic eruptions, and geo- 
thernial activity occur rribre frequcrilly bri 
the western seaboard than on the easterri, 
uhich is tectonicallv quiet for the most 
part. Siich was riot the case in the geologic 
past, however; and modern tectbriic arialysis 
suggests that the present difference is only 
trail si tory. 

fearing iheOrdoviciari period (apprbxi- 
mately 450 million years ago); the eastern 
seacoast experiericed active volcanoes, fault- 
ing; and miigrriatic inti-u.sibri related to a 
collision bev^ecn the North Arnericari cbri- 
Ufieiii arid a land mass io the east; This 



tecioni.sm is comparable to that now seen 
albrig the western margin of the U.S. After 
the Ordoviciari activity, a cbllisibri occurred 
between the eastern margin and pai-ts of 
Africa, South America, and Europe — an 
event much like the preserit cblllsion be- 
tween Asia and its Indian siibcbritirierit. 
Indeed, the ancestral Appalachian Moan- 
tairis at that tiriie probably exc^ded 14,000 
feet, and the mduniairi-buildirig process 
was undoubtedly accompanied by large 
earthquakes similar__to those that have 
devastated parts of China. 

.Major ;ectonie events change the shape 
bf cbntinental margins. NSF-supported 
research, using a cbrribiriatibri ofgeologic, 
paleomagnetic; and geophysical riiethbds, 
has documented some of these extraordi- 
nary everits. Scientists working in the 
Pacific Northwest have di.scbvered large 
areas (some of them the size of Slates) that 
seerii to have originated .south of the equator 
iind only arrived iri their preserit position 
less than 206 million years ago. 

Similar "displaced terrains" have been 
'-locu meri ted i ri M ai rie ,a rid M as.sac h uset t s 
and appear to have formerly belbriged to 
Florida, or to a land mass to the south; It 
is prbbable that a fault system, similar to 
that of the San Andreas, wa.s re.spbri.sible 
for the northward movement of the;se ter- 
rairis, Duririg the Appalachian Mountain 
building event, pieces bf Furope arid Africa 
also became permanently fixed to the ea.sterri 
seaboard. 

^.'■'^^'^^^'^.y bf displaced terrains im- 
proves our andei-standing of the cbrriplex 
structure of continental margins and has 
important irriplicatibri.s for future discoveries 
ol both fuel and ribhTuel mineral resburce.s. 

Mineral Resources 




Mineral ratoorcei^ Photo shows a fluid 
Inclusion from the Pariasquelra, Pbrtugal 

*'"*A^"9s!®n_^opbsit^ ^^^^ of 
iungstari In western Europe,. The .presence of 
certain. J [quids and gases In iron ores gives 
sclenilsls key Information about the forma- 
tion and history of pbstmagrriatic hydrblhermal 
ore deposits. The field ojmineral resources 
i s -a k ey resea rc K f ocus f or the 1 98bs — an d a 
good example of the way basic research 
directly inflaences exploration. 
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which are .sources of lead, /inc. copper. 
The depletion of near-surface ore re- cobalt, cadmium, aritiiribriy, silver, gold, 
serves, particularly thb.se involving stra- and arsenic, 

^^^'5 f'^'"^^ D^?^ jo'' "i^re These deposits often occur in an environ- 

understanding of how ore deposits form merit bf cru.stal exteasion or rining. During 

deep iri the cru.st. We also need to know the formation of a rift; where the How bf 

1^^J°^^^!^"^ related heat into the crust is high, the kind of vig- 

tc) regional structure and tectonic setting. brbus hydrbthermal circulation required to 

A multidisciplinary approach has proved form massive sulfides occurs. Failed rirts— 

'^*'^lL^y' •'^c^cral research projects. For those that do not become oceans— have 

^''^"^f'J^; ^^reat potential Tor exploration, 
chemists, and paleonlojogists combined One of the mast imponarit buteomes 

their talerils iri the U.S.-Japan-Canad.a of the U,S:Japan-eanada project on the 

^^.^r^'!^^'.^^^^^^^ KurbRb massive sulfide deposits in Japan 

canogenic massive sulfide deposit.s; Their Is a hypothesis that relates the.se deposits 

work added to pur understanding about to others whose origins were not well urider- 

the fofmatibri bf mas.sive sulfide depbsit.s, stood before. For example- 

S2 
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kuri>ki>-l> pc deposits j lypicaliy . en- 
riched in eoppcr. /ine. lead, and suMur) 
liia\ resuTl if the rifl Is in ail island 
arc thia lornicd since early i'recani- 
brian limes. 

ArcHaeii or piiiiiitivc greeiislorie bells 
(tvpiciilly cnrielied in nickel: copper; 
cobail. and gold) niay occur if The rifl 
tornied bctore ilie earth developed an 
i)\ygeh-rich aiiiiosphere. 

'*C yprus" ivpc massive sulfide deposils 
ttspreaily enriched in zinc. '"ad. cad- 
niiiiiii. Clipper, gold, and silver) prob- 
ably res a It trom a rifting cvcni ihai 
invi)lvcs a midocean ridge Cf malure 
marginal basin. 

Sedihierit-hosted deposils (lypically 
enriched in lead. /inc. and sulfur] may 
form if Ihc rill i.-. wilhin a. conlineni. 



Studyihg the Earth's Interior 
with Synchrotron Radiation 

nciiroli ons are parlicje accejeralors 
uriginally designed for experimenls in high- 
energy physics. Earth sciehlisls have ilow 
begun 10 use synchrolron radialion in ex- 
perinienlai sludies jooking al ihe siruclure 
arid cohipositiori of rrialerials represchta- 
live of ihe eai-ih s intefioL Oar anderstand- 
ing of lhal interior depends on whal we 
know aboul how riiaierial.^ behave urider 
Ihe e.xtrerile pressure and lemperatare 
conditions deep within the earth. 

iX-velopment of the diamdrid-arivil. high- 
pressure ceir. in which samples are sqUee/ed 
between the faces of two diamonds, per- 
mits experimental investigation of the way 
materials behave at static pressures up to 
20 million pounds per square inch — iiquiv- 
aienl to the pressure eneountcrcd at the 
edge o\' the earth's core. The diamond anvils 
alsi) serve as wihdo^^s for direct observation 
and characleri/alion of the sample under 
pressure. 

C haracierizalidri of crystal structures 
by x-ray diffraction through the diamond 
windows gives quantitative info_rmation on 
compressihiliiies. equalibris-bf^siate, arid 
phase changes, including chemical decom- 
pi)silion into simp!, compounds. But such 
studies have been severely lirniled by ihe 
riiicrdscbpic .sarriple .size, the scattering and 
absorption of x-rays by the diamond anvils, 
and the restricted georiietry of the high- 
pi-e.ssure cell. 

These problems are being overcome by 



the u ailabiiity of intense x-ray beaiiis 
lri)in syiichi-inrdri f-adiatidri sbUrces. As 
electrons I'or positrons travel around the 
closed-circuit path of the. accelerator or 
storage ririg. they eiriit eleeirdriiagrieiic 
radiutiori: its energy (typically x-fay of 
ultraviolet) depends upon that of the par- 
ticles [;lus the bending radius in the ring. 
This radialibri. ari uriavbidable by-product 
of high-energy physics experiments, is 
now being applied in other brunches of 
science and has beeri described iri Business 
Week as the "most powerful too! since the 
microscope." 

Experimental geochemists and gebphys- 



icisis iire usiiig facilities at the Siarifbi-d 
Synchfotron Radiation t:aboratory and the 
Cornell fligh-tnergy S>nchrotron Source, 
which can provide x-ray beariis a riiillibri 
lirries as iriterise as those from conven- 
tional x-ray sources. These ultrabrighi 
beams permit, very shpri exposure iirhes; 
thus they add lb bblh ihe quarility arid 
quality of data; The beams also allow time- 
resolved s:tudies of ( 1 j the kinetics and mech- 
anisms bf phase irarisrornialibris arid (2) the 
rate of strain relaxallon (and therefore the 
flow properties of materiaisj at very high 
pressures. 

Adaplalibri lb a syrichrblrbri sburce has 




Stanford Syischrptron Lab. _thi8_Bpp«r«|u^ 

'hatch" or radiation shleJd*-ls part orthe elaborate instrumentation 

using syrichrdtrdn radiation: Earth scientists are now using this form of radiation in studies 
that look at the structure arid cdriiposltidh of rriateriais ropresentative of the earth's Interior: 
Spme_observers call synchrotron radlatloh an advarice as Irripdrtarit as deveidpmerit of the 
microscope. 



ERIC 
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rcijiiircil ULMi!li hiodiliLations of the dia- 
iiu>iui-.tn\ li cell: I He lcih;il r-idiaiioh lc\ cls 
niv«i|\cii rcijinrc rcinolL' cDiilroi oC ajj ail- 
iitsirncius, iiu ludirii: ihc precise alijinmcn: 
of the cell (o ilie \-riiy Heaiii (io \vithiii ;i 
ihtujsaiidth M an iiich); Such changes 
ha\e hccii iiiade. alon*! u ilh precise meas- 
iirciiicilts Dl ihc eoriiprcssiHilit \ and iher- 
inal e\pansu)ii of several siiiiple Subsiailces. 



i lic.se Mialeri;ils — inckiding sodium cMo- 
ridc aiid gold— may be lised as iiitcrnal 
staiidards lor pressure ealihfaMon in rulurc 
experimcnis. 

The successes ol" ihcse icehnological in- 
hovatioiis ari<J ol' Ihe early experiirieriis hav e 
opened :k\\ regions foi research in high- 
pressure geochemislry and geophysics and 
proinise rapid advances in these fields. 



Ocean Sciences 



Icchniqtics developed ill inany disciplines 
eiiahle scieiiiisls to expand our knowledge 
ol the occ.in, ific sea Moor, and oceanic 
procesNes. K esc archers in this field use 
broaii. nuillidisci[ihnary ciTorls nnd mod- 
ern technology to inipruve i>ur understand- 
ing of the strijeture. genesis, and dyhariiie 
evt)Uilion ot the continental and Oceanic 
crusts. 

Since the beginning of modern ocean 
science in the C7;a//e'/i^('r expedition a cen- 
tufv ago. large nrojeet.s and expeditions 
have played a key role In licean research. 
The jield dev eloped espeeially rapidly in 
Uie I 'nited Stales during the International 
i)ecade of Ocean txplofatiori jlDOh] of 
the i_97()s. jpOI: brought new money into 
the Held arid new vvays of organi/ing large- 
sCjIc vvork. much of it internaiibrial iii scope. 
Several IDOI: projects eontinned in 1982. 

Since \DO\- ended. NSF has begun 13 
new large-scale projects at thi:s writing. Most 
of the new efforts are quite broad, cov- 
ering several areas of ocean sciences. An 
exainple is the VVarni Core Rings investi- 
gation, whieh deals vvith the effects of huge 
vvariii-vvater rings on organisms in the slope 
Waters n( the western Nt)rlh Atlarilic. 

rhese rin^zs. sp_awned by the Ciulf Stream, 
are froiri 100 to 200 miles across. Studying 
them reqaires several Cruises each year by 
two or three ships to sample rings located 
and tracked by satellites and aircraft. Sat- 
ellite maps ol sea-surfaL\: temperature are 
processed by computers and sent within 
one or two days to the ships to guide their 
sarilpMhg activities. 

There was some concern that the large, 
interdiseipliiiary projects begun during the 
ibOH would adversely affect later funding 
iV.r smaii efforts. Bui small projects con- 



tinue tt) be the backbone of ocean scicriccs 
research. 

Basicaliy a l1eld-oriented science, ocean- 
ography's progress depends on the ability 
()l Scientists to observ e, measure, and .sahiple 
ocean phenomena directly. They do most 
of their v\i)rk on research vessels on the 
high seas, far frOm the convertierice of shore 
laboratories. Those vessels must be able to 
su[)pori a variety of research missions. 

As the primary source of support for 
tJ:S: academic oceanography, the Founda- 
tion has a.ssumed responsibility t_o ensure 
adequate research facilities for NSF-spbn- 
sored marine scientists. Since modern ocean 
.sampling, mea.surcnients. and analyses place 
deriiarids on research vessels considerably; 
different from tho.se 10 years ago. NSI- 
continues to support ship upgrading, ocean- 
bgraphic equipment, and inslrume.niation. 

In 1982 cbritiriued explbratiori bf the Hast 
Pacific Rise on the Pacific Ocean floor 
added to our understanding of crustal- 
fbrrriatibri processes. Peter Lonsdale bf the 
Scripps Institution of Oceanography. Uni- 
ver.sjty of California, and Berndt Simoneit 
bf Oregon Slate University reported in 
Nmure magazine the results bf dives by 
the deep-submer.sibic Ahin in the Gulf of 
California. Those dives revealed a cover- 
ing bf thick depbsits bf rich organic sedi- 
ments, in conjonction with the Office of 
Naval Research and the National Oceanic 
arid Atriibspheric Adriiinistratibn. NSF is 
making preliniinary plans at this writing 
to convert or lease an existing ship as a 
riew ierider for Ahin. This will give U.S. 
scientists acce.ss to nibrc distant arid remote 
geographic areas of high scientific interest: 
It will also mean a better capacity to accom- 
rnbdate riew iristrUriierits arid expeririierils 
for work on the deep-ocean floof: 



Coastal Ocean Dymamics 

The results ot recent ficid experiments 
shtivv thai the pririiary forciiig mechariisiri 
loi" sUbtidal niotibri on riiost cbritihehtal 
shelves is wind stress; The friction of wind 
on suri'ace wai. r. combined with the elTecisi 
of the earth *-s i biaiioii. eari cause .sbrrie bf 
the surface layer to move away from the 
shore, it is repKued by an "upwelling" 
'rbrii belbw the suri.<ce. The upwelled liquid 
is cooler than Ihc original \*'ater. arid a 
characterislie band '^f coastal low lemper- 
aturt d evelops. Olien upwelled water has 
gi-eater cbiicerilrati )ri.s bf nutricrits thari 
the original surface water: which has been 
depleted by biological demands. Thus 
up welling replenishes surface- layer riu- 
trient.s essential for high hiologicul pro- 
ductivity in the coastal »ne. 

Rccognilibn bf the importance of wind- 
dliveh coa.stal cUrrcnt.s to the eritire ecol- 
ogy of the continental shelf led to a four- 
year reseaieh program that began in i980. 
Irivestigatbr.s from Oregbri State Univer- 
sity: NCAR. NO A A: the U S: (jeological 
Survey, the University of New Hampshire. 
Scripps Iri.siiiuiibii bf Ocearibgraphy. arid 
VVtiods Hole Oceanographic Institution seek 
to determine the key dynamic processes 
thai govern wind-driven motion over the 
contirterital shelf bf ribrtherri Califorriia. 
Their project is called the Coastal Oiean 
Dynarnics Experiment (CODKj. 

Satellite irriages bf sea-surface tempera- 
ture have indicated that coastal circulation 
patterns vary greatly. Alongshore currenis 
are b fieri irilerrupied by pi u fries bf cool 
water, which apparently run off the shelf: 
they are not ptrmanent features but tend 
lb r ec u r at s peci fi c si I es . At t i m es i hey a re 
forrned qUile rapidly by a **sqUirt" of water 
moving offshore; These squirts apparently 
come from the convergence of flow oyer 
the cbriiiricrital shelf iri response lb wirid 
variations along the shore: The offshore 
ilows are in turn lypicaljy rich In eddy sig- 
ri a I u res [re m i n i see ri i b f c rea rii s i i r red i ri 
coffee). CODE scientists have related these 
plumes and eddy features to strong veloc- 
ity variability observed froni ships and sur- 
face d r i ft i rig b U by s . O t her Tea t u res see ri by 
CODE researchers include a strong '*jet** 
of cool w ater directed straight offshore from 
Pbirit Arena. Califorriia. Velocities of 40 
centimeters per second were sustained for 
two days, and a thermal front was directed 
bffshore arid lasted for several days. 
These offshore cUrrerits are impbrtaril 
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CODE work: The Coastal Cceari Dynamics Experirheht is ibbking into forces thai direct 
^' " ^ " ^ ^J^^^ '^^^ [^^^^ o^.^ ^i^.^. c oh\ I n e n t a I s h e I f of northern _C ajilorn la . Sal e I li te_ [rna g e s _s h o w 
'^.^^j coastal^circulation patterns vary gre^ as seen in this schematic of an infrared irnage 
with supenrnposed. surface drifter tracks. (.+ indicates laanch point): Of Special interest: the 
presence of an eddy |A) ana a broad offshore plurtie of cool water (B). CODE researchers 
are learning much about the entire ecology of the cbritinerital shelf. 



t() the iipucllini: system. B> U)i)king at the 
rcl.iMoiishjps (>t ihcsc features to variahil- 
ii> ()j ilie vsjii.u i'leld. CObL mvestijiators 
;ire test in I! diHererit ideas on shelf dyn ant- 
ics and paining nc\\ irisight ihib the pHysi- 
eai phenonienu of the upudhng system. 

this \\ ritinti the> have hcgun td devclnp 
ne\< nioiielv for \s irul-driveri LXiastal eireu- 
lation. 



Hydrothermai Vent 
Biology at 21 Degrees North 

Miire than a hundred years ago. ihe C^af- 
lenj^cr expedition concludei! that rieh life 
dwelt in the cold, dark sea depth. Later 
research iridieated that, although deep-.sea 
C)rpanistn:s have a high species diver.siiy. 



they grow slow|\ and arc sparsely disiri- 
buied beeause of limited tdbd sijppl>. - 

The mid- i97bs marked the discovery of 
deep-sea hydrothermai vent communities, 
associated with .submarine spreading cen- 
ters: Biological studies at the Galapagos 
Rift vent reveal that or]^anisms associated 
with ihe vent, including many remarkable 
hew species, grow rapidly arid are riot lirii- 
iied to food supplied from the surface: In 
most food wehs the primary producers are 
grceri pi arils that require sunlight for photo- 
synthesis: By contrast, the primarv pro- 
ducers in the vent fond ^^eb are chemosyn- 
(heiie hacierra that obtain their energy from 
iriorpahic su I fides com i rig from the veriis. 

The OASiS expedition; organized by Ken 
Smith of Scripps I nstitution of Oceanog- 
raphy arid irivb^ irig .scieritisi.s from 20 insti- 
tutions: visited a \ent :system off wesicrri 
Mexico in spring 1982. Here John Baross 
of Oregdri State Uni\ersiiy made the start- 
ling discovery that bacteria exist in super- 
heated plume \^aler coming from black 
smokers. 

At the hydrostatic pressures o^ He verils. 
water remains m the liquid phjsc up to 
460 degrees centigrade. In the laboratory, 
under hydi"bstalic pressure arid temper- 
ature simulating the vent environment: 
these bacteria can gro\v in a strictly, in- 
brgariic mediurii ebritainin^ ihiosulfiie. 
manganese; and iron as energy sources. 
Under these conditions they can double in 
less thari 40 minuies B> contrast, the bac- 
teria barely surviv e at "Ibu" temperatures 
of KO degrees centigrade. 

The discovery that these vent organisms 
produce cbrisiderable riiethane. carbon 
monoxide: and hxdrocer: gas challenges 
accepted vKws .is to how those gases are 
produced. The abilitv to precipitate trace 
metals: including niang;ine.se arid iron, sug- 
gests a bacterial role in the formation of 
poKiTieiallic sulfide deposits. Holper Jan- 
ri.isch of VH'bbds \\o\c Oce;iridgraphic Iristi- 
tution and his colleagues have isolated more 
than 65 additional st rams (if sulfur-_ and 
riietharie-bxidi/iric bacteria frorii animal and 
mineral surfaces in the cooler waters sur- 
rojnding the vent . 

James Childress of the Uriiversiiv nf 
Califorrija ;.t S.inta B:irbafa iiiid George 
Somero of Scripps institulioii ■)rO *eanog- 
raphy measured high sulfide levels in the 
b 1 b i> d v> I H'fuQ 1 H o r rii J arid Coly piogend 
(clam). These org;inism?. concetiirate sol- 
ride with a speci.il binding protein that 
trarispbrts sulfide to bacteria fivirig uithiri 
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Vent cdlofiy. These bacteria, isciated from the sy^erhpated .waters discharged from d^p- 

^cea" vents, dei ive ail theLr.eneray for groyyth irom the oxidation of inorganic compoohds. 
Pe/Lain trace metals are precipitated as a side effect of these life-suppbftirig chemical 
Changes. Bacteria sach as these may be very Important in ehrlchirig ore deposits with valu- 
able trace minerals: 



the unittial tissue. The hiieleria release sul- 
titie Irom the protein for use us un energy 
Ntiurcc. Hydrogen sulfide, which other liv- 
iriji org;iriisriis- eliminate as a poison, may 
he an important energy source for vent 
animals. 

I red (ira-^sje of Woods Hc^Il- Dcean- 
i>graphic Institution and his LolleagUcs itrc 
studymg the biogeograph) of vent animals 
and their dispersal patterns, to discover hou 
these l^rgahisriis locate a new vent when 
an oki one dies. The scientists' new view 
o\ hfc in the deep sea now ineliicjes the 
^ciits as a series of oases, rich in unique 
marine lile; fltMirishing along the sub- 
marine spreading centers. 

Ocean TracerElement 
Bhemistry 

I he occiihs cimlain a vast array of chemi- 
cal species, (^fieri at exirehiely srtlall e(m- 
cerurations. l evs areas of" science have seen 
sijch remarfcaMe progress :is in ihciihility 
of chchlical oceariographers to aniiy/e and 
describe these trace constituents: True: sam- 
ple coniaminaiion rn the dirty environment 
i'l a ship .!! sea is a perpetual problem, 
panic iiliii IV tor metallic species. With 



appropriate care, however, scientists can 
detect nanomolUi- or picbmblar levels of 
many trace metals — even the concentration 
of ebmrrion lead in deep-ocean water of 
abbUt^ five thbUsaridths of bne part per 
billi(m. 

NV'hat mechanisms maintain such low 
cbricehlraiibris in the world's largest aque- 
ous solution over geologic lime? The prob- 
lem is not lack of supply over the millennia; 
instead it is ease of rernpvaL From, the 
pioneering work of Karl Turekian of Yale 
University: who drew intention to the par- 
tide rain in the ocean, we now know that 
the rembval prbcess is related lb adsorp- 
tion, or "scavenging," as diissolved species 
adhere to solid phases. Marine chemists 
are just beginni ng lb reveaJ this phenomenon 
and the short oceanic-residence time for 
many chemical species, The rare-earth ele- 
ments offer one such example. 

Gerald V\'a.sserburg and Dbnald Pieptgras 
of the California Institute of Technology 
have measured the picomolar levels of the 
rare earths samariiim [SmJ and neodym- 
iam (Nd) in oceanic sample.s^ The abun- 
dance of the Isotope ^*^Nd in nature in- 
creases ihrbugh geologic lime, due to pro- 
dUclibh from the .slow radibuctivc decay 



of ^*'Srn. Thus crusial rocks of different 
^ ^ '1 ^y^r^& S rri / N d ratio s. 
Samarium and neodymium readily hy- 
drolyze in solution, show a marked tend- 
ency tb adsbrb bn solid phases, and have 
oceanic residence tirnes of bnly a few hun- 
dred years—short compared to the time 
scale bf inlerocean mixing. The Pacific 
and A lliinl'c Oceans, therefore, maintain 
isotopically di.stinct Sm/Nd ratios; where 
these two oceans meet. In the Drake Pas- 
l^l*^' prbpbrtibns indicate that the 
Antarctic Circumpolar Current cbnsisis 
ofjiboui 70 percent Atlantic water. 

Fbr signals such as this to be fully inter- 
preted, scien tists need a rnbre sopihisticated 
view of the chemical processes con trolling 
such short residence times. Michael Bacon 
bf the Wbbds Hole Oceanbgraphic insti- 
tution and Robert Afidcr.sbh (nbw bf the 
Lamont-Doherly Geo logical Observatory) 
have carefully inve.stigaled the removal of 
chemical e!emerit:s bntb sinking particles. 
Their results indicate a removal rale that 
is directly proportional to the dissolved/ 
particulate frajl^ibrialibn bf the metal and 
is driven by particles with a 5 lb 10 year 
sinking lime in the ocean water column. 
^/^^ ri t - 1 r ap ex pe r i m e n I s a re g i vi n g a 
wealth of information on lhe.se particle 
fluxes and their chemical signals; Thus ocean 
iracc-elemeril chemistry is now undergoing a 
true revolution: 

Meahderirig Channels on 
the Amazon Fan 

An imporlani problem in marine gcoi- 
bgy is deciphering the evolution of thick 
seqaences^of sediment that form adjacent 
to the continental margin; Such features, 
known as deep-sea fans, are often located 
off majbr river systerris br cbrilihenlal- 
margin canyons. Since the:se fan .sediments 
form a large share of continental-margin 
depb.sils, detailed knbwiedge of their sed- 
imentary proecsse.s, growth pat tern. s. and 
evolution is critical to understanding the 
entire margin, its history and origin. Addi- 
tionally, deep- sea laris h;ive becbrrie increa.s- 
ingly imporlani targets for hydrocarbon 
exploration. 

Because bf iHe large area of rhbst fans, 
conventional geologic surveying arid map- 
ping tools have given only a limited view 
of their rribrphblbgy arid sedimentary pro- 
cesf^es, hari:s are cbmposed dbmiriahlly bf 
eroded continental sediments apparently 
ti'arisporled to the deep sea by sporadic 
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Oceahbgraphic Facilities 



lurhjtJitv n«.nvs. SUL'h Hinvs produce ch;ii1- 
nci systems across I he fan as ihcy slow 
dnv^ri and deposit ihcir st.-dirncni load. 

Although the c\isli:hcc ot these chariijcis 
on fans had been known for some time; 
recent research on t'.^c Ania/on Cone (or 
! all] olT the hortliciislcrri coast of Brazil 
proniises irhpoftaMt ni-u insights into chah- 
nei and ian sedimentation processes. 

led H V J I) H n I) a ni u t h . s c i e n t i s ; s a i 
I aiDtint-Dohefty Cieological Ohservalory of 
( oUnnhia I'tnversjty. collahorating with 
Hra/thun scientists, uscxi the CiLORlA side- 
scan sonar systcfii t)t" the Brrli.ih Institute 
orOceanographie Sciences ti) map the Ama- 
zon ( Dnc niorphology and channel system. 
F his sonar device uses returned acoustic 
sigiials to prt)vide dMla on sea-niH)r mor- 
[ihoIog> — up to I 5 kilometers on each side 
oi the ship's track. 

rhe most striking arid surprising char- 
acteristi<r ol the Arna/on Cone channels 
rc'veajetj in the survey is their extensive 
and iiitncate meander patterns. Nearly all 
channels tibservcd hclovv 2.5(K) flieters depth 
(Ml ilic middle and lt)wer fan shovsed high 
sinunMt\ and v\ elj-Ucv eloped recurving 
iik- iiiUers. C hannels shallovvcr than 2.3(K) 
meters alst) meander, but the sinuosiis is 
i<iv\er and recurving meanders are not u_su- 
all> observed. Ihe channels belovv 2,51)1) 
incters shovved reatures and patterns that 
compare m m<)rpht)jt)gv and si/e to Hood- 
piairi deposits and features o\' large river 
svstenis; stich as the knver Mis.sissippl. 

These rmdii^gs have important rami- 
Hcations. I he rornKition. maintenance, and 
tnodilicatioh o( siicH meander systems 
would seem to require a fairly steady: high 
volume <)t l1ovv ihrough the channels for 
reiativelv long periods o\ time— a concept 
IN siriktrig ciiMtrast to the traditional one 
<tS<*hannel forrnatiou by sporadic and 
inie^^itient turbidity currents. Further 
aijalv'ses ot these data vvill try ti) relate the 
channel cha^acteristic^ and morphology to 
possible hsiirod>paniic regimes and sedi- 
riieniation p^iiierris. Such ssork is essential 
to devel<Jpifig iiiiidels lor fan sedimenta- 
tion and evolution. 



GCORIA scan: Scientists- used the British 
sonar systerri called GLORIA lb rriap fhe 
A m az o n C one , or Fa n^ a n d i ts^ c h a n n el s^ jn 
t.^j s _ c a_s e^ t h e_ west e r n_ a n d . eas t e r n I e vees 
were under special scrutiny. GLORIA'S acous- 
tic signals give data on sea-flbbr structure; 
these data aie critical to bur understanding 
p|. J.h e c on J i nj?nt a I margin and to possi ble 
exploration for hydrocarbons. 



In 1982. 151 scientific projirams were 
conducted on ships of the academic research 
fleet, often referred to as tJNOtS (Uni- 
versity-Nationaj Occanographic Labora- 
ti)ry System). The projects required nearly 
3.100 days at sea, rangrrl from the Arctic 
Ocean to the Southern Ocean and from 
Japan to West Africa, and involved all 
major disciplines of the ocean sciences— 
maiine geology and geophysics: physical, 
chemical, and biologiea! oceanography: air- 
sea interaction; arid ccdiq^y arid crivirbri- 
mentai quality: Operating costs for the 
UNOLS fleet ranged fiom $5CRj a day for 
the srriallesl cba.sial vessels to more than 
SI l.tKK) a day for the largest opeh-bceari 
shrps. 

r||^e were no important changes in the 
si/e or cornposiiioii of the fleet iri 1982. 
Cieneral-purpose surface ships continae to 
be the primary requirement, NSF supports 
about 70 percerit of operational costs; the 
Oniec of Naval Research (ONR),_th;e 
National Oceanic and Atmospheric Admin- 
istratibri [NOAA). the U.S. Geological Sur-' 
vcy; and the Depariiiient of Irnergy furid 
the_rest. 

The research vessels (R/Vsj AtTantis // 
and Cotumhus Isetin uriderwerit yeai-lbng 





?^*lPh« ™f 5-rneter vessel. paHl of the U^S^acMernic res^^ once 
a.^jp.ati.ni.rp the general-purpose research ship can 

be used. In icy seas (photo by Mike Miller^. Abovre, a researcher lowers sampling IhstrU- 
ments from the AlpfiB mttx Into the eastern Bering Sea ice pack (photo by H. J. NIebauerj, 
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iii.iiiUcrriiicL- liiid [\py.v.\ vvfiicli sfi.niKl 

MtiiiiliLMiaiv cMciui iM' ir vciirs service; 
R \ COnraJ rctumcii u- v.r\iLC aluT ils 
iiiidtitc rL'tii aiul C'>ni;^ic vci a !ull vcar of 
sijcccssl 111 ofj^Taiioii. 

rLnis 111 cDiivcrl R \" A (Lint is 11 t or an 
i/i/// uppori shi[i liiov cd _^hcad. t he dccp: 
siihiir Isihic vclitclc AVvm K \\6\\ su[fit)riL-d 
In III*.' caUiniaran lAiiu: which (neks ade- 
cjLi.tie aLX\)rnnu>daiii)ns, iabi)raU)ry space, 
aiul. nii)si iriipi)rtaiU. surriLiefU endurance. 
Diirinp receii! expedition.s. ah additiDha! 
resLaich vessel was required tbr aeeDninu)- 
ilalioiis i>r saTelv. inci easing ihu cdsI dI' 
the Mvin pri)ij!rarn. With R V AtTantis 11 
as a support ship; scientists will have excel- 
ienl laboralories. space i'or j6 seienlists, 
arul iireativ iniproved range arid endura.iee. 
NSI . ()\R. -uid NOAA wjll eohtiriue to 
tund the Alvin program under an icr- 
aizcncv agreement. 

I fic- vear M^S2 saw the lliial eoriversion 
i>t R \ Aipha fleiix to an elTeciive general- 
purpose research ship, t he 4i .5-meier vessel 
was tlcMgned arid huilt as a sea-going marine 



:\i1tareliea is ertiergirig as a eritie.' isiie 
on the international agenda. In 1961. 12 
naiioris enacted the Antarelie Treaty, whieh 
reserves the region south of 60 degrees south 
latitude for peaceful purposeK. Thropgh the 
hWsand most ol' these nalions oper- 

.. cd stations and supported seierilille re- 
search that pri^duced suhstaiilial khovvied: 
III' the region's physical and biologiLii 
iiiakeup and ils relationship to global sys- 
tems: Aiiunig 1)1 her aehievehiehts. antarctic 
rusear'-h pointed to a potential for exploit- 
able resources— particularly marine living 
resources and cilfshore oil arid gas. During 
that period: the v^orld's resource base 
was increasingly reeogni/ed as limited, 
arul shortages developed in sori' areas. 

Antarctic i is how reeeivjiig adUwd alleh- 
tii>n. In 1977 and l98l two more nations 
established year-round research programs 
there and becahie parties to the Aritarelie 
Trealv. I vvelve additional nations have 
agreed formally to abide by the treaty but 
Have riot sent expeditions lb Antarctica at 
this writing: Still others laiiheh ship-based 
summer research expcdii'ons. or they send 



iTiologic.il l.iboratoi V . I raiisferred iii h^S() 
froiii the Sctipps Insliltlliotl of Oceariog- 
raphv to the I'Miversilv ol" Alaska, llie 
Alpha //<*//x's ice-sirengihened btivv. si/e. 
ahd coiiligijr.itit>ii arc well suited to the 
umversitv's researcli activities; Modillca- 
lions includetl the installation (>t a tleep- 
sea vv inch, a hc)vv ihrusier for prcL.sc niaiieu- 
verihg during sciehlillc operaliohs. aiid a 
deck crane for deploving and recovering 
instrument packages and other equipment. 
These arid other changes have riiade the 
Aiphu fiefix effective for researcli projects 
in the Bering Sea and along the se;'.-ice 
margin The modillcaiibns also gave the 
ship a lower center i)f gravity that ehahles 
it to operate in more diverse sea conditions: 
NSI' gave increased allenlion lo scien- 
tific irisiruriienlaiioh iri 1982. Along with 
emphasizing the new insirameniation U) 
improve scienlinc capahiliiies and replace 
o u I m bd ed equip in e n I . the K o u ri d a I i o n 
hegah ti) stress the developnlehi of oCeaii- 
ographic instruments that have Inroad usage 
in the ocean sciences. 



observers ib the slatiohs already set up by 
other countries. 

Meanwhile, the treaty nations have devel- 
oped riicaris ib eiicburage the eoriservalibri 
and wise use of Antarctica's resources — a 
subject not addressed by the treaty itself. 
They have agreed on measures to conserve 
fauna and flbra, seals, ahd rnarihe livihg 
resources. Work on the most difficult 
issue — the exploration and exploitation of 
miherals — begari iri ihe hi(d-l970s arid has 
not yet ended: This task is complicated by 
territorial claims asserted by seven nations 
but riot recbgrii/ed by others. 

Within thi:s eontexi the United Slates, 
which has not made a territorial claim in 
AniarLliea and does not reeogni/e the 
iHhers. has worked .sihee 1957 tb mairitaih 
an active and inlluenlial presence in Antarc- 
tica — one that responds to U.S. scientific, 
ecbribnhrc. arid political bbjeeiives. At this 
v^riiing; the U;S; Antarctic Research Pro- 
gram consists of a ship and. four year-round 
research .slalibris, aririual deployment dur- 
ing the aUislral summer of about 300 inves- 
tigators on some 85 research projects: and 
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.tpcralinn ot the necessarv iogisiics and sup- 
port luhciibiis. 

T he research prograiii is halanccd among 
I lie disciplines ol upper-atmosphere phys- 
ics, ineleorolog) . geoUigv and gcbf>hysics, 
glaeiblbgy, ()ceahography. aiid biological 
and medical research. The National Sci- 
.nce iDuiidation funds and manages the 
rrograhK which ihcludes logistics provided 
bv two federal dep::rtmcnis (b« U nsc and 
Transpuriationj and bv a private contrac- 
tor. .'\s in other I-oundatiori pr<.)grams, sci- 
entists arc selected from Universities and 
other institutions to do the research. 

The President of the United States reaf- 
tlrliied the U.S. prbgrarii arid policy for 
Antarctica in a memorandum of 5 Febra- 
arv 1982. Recogni/ang that increased interest 
in the contirient niav require v^brk in addi- 
fuin li) the hoUndatioh's pro|^am\ he also 
directed thai under certain condili'Mis other 
agencies may be involved there in cert.: n 
shori-terrii sciehlific activities. 

First Antarctic Land- 
Mammal Fossil 

vViih an average annual temperature far 
l)clu\^ freezing and a land mass almost 
H:u)lly .ibseurcd by ah ice sheet Up lb three 
miles thick, Antarctica supports little life. 
Lichens and bacteria grow on some of the 
exposed roeks» but brily two species of flow- 
ering plants and two wingless insects have 
been reported even in the relatively mild 
eliriiaic near the Arilaretic C irelc. 

These present-day conditions belie Ant- 
arctica's warm past. And Anlarelica's 
present isolation from the other ebnli- 
riehts belies its central pbsiliori In the prb- 
tocontinent (iondwanalund. 

P'(,)ssil discoveries riavc eonlribuled much 
lb ari Liriderslaridirig bf Arilarelica's pa- 
lebefimate and paleoposition; Harly in this 
century Pcnnian-agc rocks bearing the tbssil 
leal Glossopteris were discovered iri the 
Transahiarciie Mountains; This rock type 
is matched in the other southern conti- 
nents, suggesting that Antarctica was joined 
to orie or mbre of I he in 270 rhillibh yeurs 
ago: Just 13 years ago part of the upper 
jaw of Lystrusaunis , a dog-size four-ieeged 
reptije. was fourid — also iri the Tra"'sarii- 
arctie Mountains; This reptile lived on the 
other southern eonlinenls loo. and its pr.s- 
enee in Anlareliea is .strong evidence iWdi 
the ebhtiherils were jbihed ih rhe Triassic 
period, which began 230 million years ago. 
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Ofi > NKtrlh lor ilic lirst time in 

\ Mt^jrcliLM, i s. p;HeoinoK)gisis tOUild a 
los;.f! hnul fiuiiiniiii. Tiic animal w as a sniall; 
roUcililikc hiarsiipial of the gcnus A;/v- 
iitflops. I he retnafiis \verc recovered on -^ey- 
fn«uir island.,. near the tip ol the Antarctic 
Peninsula. Ilic los.sil clearly .suggests the 
|>r( scfice ol a lorrller lalid eohfieetibri [or a 
series oi close islands separated by .shal- 
I'W \\, Iter) between the peninsula and South 
Xiiiei iv.a. i his c 'ineciioh existed at sonic 
time hetwecn (he la;e Paleocene (when poly- 
tloiopulae tirst arc krioufi tVoin Sooth 
\nierieaj and the late l ocene (when jhey 
are now knowii Ironi Ahtarctiea). or 55 id 
4(' million vears ago; 

1 he lossil (inu coniirm.> theories of past 
hiarsupial di.slrihutioii. which predicted the 
presence ot those aninial.s in Antarctica 
and presurtici. .fiat Antarctica was n land 
bridge between Ifie Americas and Auslrajia. 
I aesc are the oliiv coritiherits dri which 
fiiarsi:pials have existed: The find suggests 
" at the land connccti.jn between the Ant- 
arctic IVriih.suia arid South Arrierica was 




Flr»t7o»»» of an antarctic land mammal. The artist's conceptjori (by R. W. Tope, Ohjo.StateJJnlversIM shows Potydolopa, a fossil of which 
was found in- early 1982 on Seymour Island, Antarctica. The anlmal_was_ perhapsjhe size of a small wood rat and ate berries Photo 
icourtesy of Ohio Stale University) 1^ sWe vieyv of a jaw fragnfient fronri the fossil. This remarkable find suggests that the land cbhriectibn 
between the Antarctic Peninsula and South America 55 to 40 million years ago was even closer than scientists had thought 
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.lv>sc[ <'i Iinnei lii.iii iiMKiil\ tjcpictccl id 
::i.t[^ iL-ci»:isi [ uci liHis Ivtscti on Mihinarinc 
I -vci- 1 loor s[M cuIiiil: j il.ti.i. 

1 He iiia: siipiiil \<;is U)Liiiil tliiriiij: .id 
iliium Icil }\\ U illiani /insnicislcr i)t Oliio 
Si tu- I i'.i\L'rNit\ ;ind including sLicnlisls 
tioni ihrcc oilier instil u^il)il^. AcL'i>rUiiig 
to /insMicisicr: Se>nu>ar isUuui lias the 
SvuithL-rn I jcinisphcrc's best iossil rccoril 
oi ['wc Liic i rciaccoiis iiiiil ihc carlv I cr- 
\ - Ir. tlii HH) to .^0 inlllioH \L\irs agi>. 

I \)L c\pc*.lii ion fiail inanv "firsts. ' In 
Kliliiion !.» liic niarsLipia!, the scicnUslN 
niatlc (he h- -; antarctic tiisciucry t)l Icr- 
iiar\ rc(Milc i lr/ards| : C'reiiiceocis hon\ 
iishc- ( liolt)siL.!':s) . arui a Icriiar;, coal scam, 
I osmIs o! at least In\o C rclaccous plcsio- 
saiirs linariik ijpMk-sl ucrc tound — one 
pcih.ips I? inc!-."N loiiu, the other up to 
I , ! iic ..rsi antarctic plcsiosaur, 
! vMi ncarh\ Jahics Ross Island ir, he 

^ 'Hs; ujs reprcsCnicd b\ tragnicni of 
linn ted di.ijiiiost K \ iiluc. 

Katabatic Winds 



\uloniiiiic, -unrKiiiMcd stations in Ahl- 
arctica stipfijcriiefU itle c(>ritinent's inarined 
staiuMis Ml coliccting weather data. Since 
h^."^ liic ' niicd Sial :s has operated 20 of 
Itie uhiijanhed liijits hi addition to its toUr 
\ -ar-roLind nianncd stiiiion-. ! he devices 
iTieasiirc air lernpcraiLrre and prcsstirc, \sind 
spceii, and wind dircctit>ii lor a year with- 
out needinc anv service: On a I'requeiii 
sciicdiiic, thc\ transmit the data jo polar- 
orhiiinu satellites lor siorajie and rclrans- 
nnssiori lo urourid siati(>ns: 

In \V likes Land the automatic weather 
stations locus on Ratahaiie. or gravit\-dri\en 
ilowiislopc, uirids. Ihc katahLilic winds arc 
causcii h\ cold air near the surface litcr- 
til\ laljinu downsk^pe from Antarctica's 



liiQli cchual ice plateau to rlic coast; Thesv' 
L'aics arc Hie 'jtMitincnfs most persisieni 
winii paitcrii. anti Lhe\ ilinuelice wcailTcr 
tliroLighiuit ilie regioii. Katahalic wiiids 
olicn surpass hurricaiu' speed; statioiis v)n 
tfie LOi .1 pi' \V likes l and have experienced 
guMs of 2{)() lliiles per Hour. 

Since I^^SO; live tJ;S: and tour f rench 
lulomatic weather stations have hcen lW- 
ploNcd along a line hetween ihc coast 
I ast AlUarctica and DtMiic C. which is 
1().76() teei Ingh and 7{X) miles inland. Before 
ihis. according li> Cierd \\cndlcr t)!' the 
' nivcrsii\ of Alaska, sciciiiisis had hieas- 
iirements - ! the katahatic winds cither on 
ti:c coast or ipl'ind hut. could not igiiv)W' 
the ^Miiil .' trajectory. The uhmarincd sia- 
ii'.^ns \ '■: given the first coriiprehchsi vc 
d.i. !: iist which models can be tested 
or ric\v ones developed. Wcndlcr and his 
colleagues have hccri ahlc to dcfiiic kaia- 
hatic tlow niorc precisely than before: and 
they have incorporated into the existing 
models such dynamic processes as blow- 
ing snow , ilicrtial effects, aild Variations of 
slope angle. 

iconic C, at the inland end of the series 
of auibriiatie stations, is the highest point 
in the area: and no katabatic wind should 
he occurring there. In tact, its annual aver- 
age wind speed was fouiid tt> be just scve'ri 
niiles an hour— by far the lowest at all of 
Antarctica's stations. 

i hc relentless, northw ard-llow ing kata- 
batic wirids have a large but as yet Unquan- 
liHed effect on the Southern Ocean and a 



profoun.l j'lect Oil ihc ainiospherc: I' 
wind.> dfive <i.iUirctic sea ice into the sub- 
polar region; there the variable exteht of 
ice oil the sea is a sensitive cliiilatic lever 
that can an^plily the eficcts of small changes 
in global heating. Fhc automatic weather 
stations provide the hieans to quantify ihc 
process vsiiere it .starts — on the thousand- 
f'.i.lc slopes oi' ihe east antarctic ice sheet. 

WeddeM Sfea 
Oceanography 

h' October 1981 the Soviet research ice- 
breaker Mikhail Somov entered Antarcti- 
ca's winter bell of sea ice a thousand Ifiiles 
off Queen Maud Land; Kor the next tw o 
weeks the ship pushed southward through 
the ice. It reached a point 55U miles off the 
antarctic coast; thertr turned and headed 
ibr the open sea, which it reached on 14 
November. 

The voyage was refiiarkable fOr two rea- 
sons; It was the first ever to obtain a com- 
prehensive, interdisciplinary set of data well 
within Aniarciica's winter sea-ice cover. 
In addition: the research group had eqoal 
numbers of American and Soviet scientists. 




Marine reptile. Drawing [by R. W: Tope, 
Ohip State University! shows a plesiqsaur, 
or marine reptile, fronijhe Cretaceous peric^ 
Researchers foand fossils of two of these 
creatures during the 1982 expedition in Ant- 
arctica. The fossils were more cbncluifiive 
than any of this type found before. 



EKLC 



71 



ASTRONOMICAL, ATMOSPHERIC, EARTH. AnD OCEAN SCIENCES 63 



(Mntioti ol iIk* i .iiiioiit- j )i>iK-ri \ 
( iciiliii:ii;il ( )hscr\ .iiorv Uvj ilic 13- person 
i S ctMUiiipein: i 1; SiirukliiifuuM ot ttic 
Xrclic .inii \ni.iri.lic Rcscarcli jiistituic. 
I ciiiiii^r.u!. lic.iJcil ilic Soviet expedition 
I he- !ji\Lsiii^;iiois \vefc <>rLi.iiii/eil into teiiins 
to stiaiv phvsK-.il oce.iiioprapliv : clicmi>ir\: 
hu>ioL:\. sc. I ice. inetciirolo^v . .iiui the \el- 
octiv oi si>iiiitl in the oce.iM. 

I he ship stt>ppcu .^7 nnics lor scieiuilic 
vvork .iiui .iNt> niiiiie i>bscr\ atn>ns en rtiute. 
\ Npcci.il oi>(ecii\e u.is \o ill) nieasure- 
iiiciiis iii .i jiiilv ii> .i - - i n t>pch-\v .iter Jre.i 
wiihin ifio :^ c i>l>scr\ci] in sjtcfhtc ininccs 
in scvci.il i , .c.irs k\ Lonii!tU)iis were 
rcl.ilivcK hc.i\\. ho\vever. jnil :\ polvnva 
UiU iiot .tppcjr iljiih^' tfic w>\;jjzc. 

I Ik" Sff k u.is done ui iii area 

dc-Iinctl as cJiieil Sea outHtiw ol the 

VN c liiL-!! (i\fe. I his u>re lies leeuaril ot 
i:u \n(arc(ic l*eiHilsiila helv\eet1 tfic alil- 
autit. (.oiKirieiit and itic e.i • '^^ ard-llosMnu 
\[Har».i C ir».unipi>lar ( .ni rheg\r'' ' 
IS :i hi.i[v»r prodiiv-cr ot aiUarjitc hol^iiiii 
•.'..i;».r. (.nld iinti iatien vvitii ntilricnls, tliis 
vvaliM Mio\cs into tlie Northern Hemisphere 
iii iipvvcll at some locations anil nourisfi 
! ishCf iCs. 



^\ hilo the Siiffrm h>clroprapllic data leiiil 
■ > • conllrni prior summer t)hser\ ations. lhe> 
also lia\e liiveii iie\v iiiroriiiaiioii on the 
hu)\eiiiciit ol ualer liiaNses-iii the reiii()n. 
One tiniiinu revealed intense eddies oTrcl- 
ati\ei\ warm water, ahoia 1 2 miles acrv^^. 
that rise lo within about 1.^0 meters of the 
scirfacc I his upward liiinehieiit ca:i slip-' 
pl\ iarije amounts ol' jieat to the atmos- 
plKtc and prohabi\ conirihuies to t'ornia- 
tii)h ol those ptilviivas that the expeilitioii 
inernhcrs had sotichi to sind\ 
* /t)opla.nktt)n eolleetioiis . : a dra- 
maiic dilterenee in Wo'li hi '-ma-^ jnd nuiii- 
hers t)t iildiv iduals (o.- v:j:<: : hetwee I 
the lee edge and the pa. ' ! \; hunduncc 
under paek lee was r cuhie meter, 

while at the edge it v- as f\j 42 pereuhie 
meter: l^ceausc inciting: at the ice edge sia- 
hdi/es the surtaec layers, ahundane^- tliere 
exereds that in the ncarhv opien >ea. 

f liC expedition fouhd wave Heights 
greater ill iti (^2> meter that penetrated 
\2\) r)auticai miles into thr iee pack, twiee 
tlic prcdicied distaiice. I Mese waves are tht* 
remnants i)f loiu and high swells at the ice 
edge, .1 eliar^'i-'tensiie ol the southern oeean 
and Its hiuh wiiids. 
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i<>ipui ile< eh)plnent ami ein iromnerital 
Iragiliiv in the Xmc- .m north ha\ehi)osied 
niieresi m arelie it. carefi in receiU \ears. 
liitji'etl. Hie rcgH>n oller^ :i unique oppur- 
mrv'\ 10 siud> mah\ rinidiiiilehial scieli- 
iilic ijuesiu^ns. 

NSi espceiall\ ernphasi/es arctiv. .s.arch 
oil pi ohlciiis that require all iiiterd scipliii.iry 
.ipprt>aeh. 1 xainples of ! lumdation-haek jd 
pioiceis include these two: 

• (/>e'<7//c//u/ /rt' .V//t'tV /^rverf////. a stuil> 
that cmphasi/ed measurelncrit ol Sur- 
iacc leatures. he d rock topography: 
ii^dcrnal lavering, and the drilling and 
iil\ csliiiati oh oi ice eores. 



• formes \t'.s and Hiwournw f/frhi' Hc'rinf^ 
Sea Shi'll, w hieh mvesiigaied the causes 
t)t spectaeular hjologieal prbdueiivity 
III one oi lhc world's main tlshing areas. 

In addition to these large imeidiseip- 
liliai-> elloi-ts, NSf- supports arciie research 



w It lim s;'^ CI t ic diseipli rves — geology and 
geophysics, hiology , oeealiography, j^laei- 
ology: and the atmospheric sciences: 

Nine other t'ederal agencies also support 
or perroriii hasic arctic research. Total (c'd- 
eral support is Si)lnc SMS million a year, 
with die l ouniiation proxiiiirig ahout a (If'th 
ol thai. 

Arctic Heat Flux 

The llux of heal into the arctic region is 
a crucial part of the giohal circulation sys- 
tem liiat determines the present ciiiiiate 
and its long-. ; _nd short-term variations. 
To uhdersiarid the climate hetler, scientists 
nuist investigate the heat haliince at. high 
latitudes and the processes thai maituain 
and modify it. 

Both the atrhosphei-e arid the ocean carry 
heat northward at high latitudes, hut sea- 
sonal changes in heat storage seem to be 



iiiiich gi-eatcr iii the oeeaii ihaii in the ainibs- 
phere. in pariieiilar: ihe Unique therrhal 
structure ot" the Arctic Ocean is respi)nsihic 
^ . for maintaihiiig the ice cover there, ft is 
iiilpoi-talit to Iciii-ii wlielher there is pdien- 
tial for a ehangt to vastly difTcreni con- 
ditions — an open, iee- free Arctic Ocean, 
fbi" e.xaiiiple. 

Ihe siahle sea ice cover iiiaihiy deter- 
mines the arctic climale. This cover reflects 
much more incoming solar radiation hack 
into Space than the i) p e ri bee a n does, .so 
the amount of radiation absorhed depends 
upon how iiiuch ice there is. To know in 
which direction the amount of iee is chang- 
ing; one needs to know how niUch heat i.s 
transported into the arctic: and how much 
stored heat may hccpmc availabje to melt 
t^lie exisliiig ice. Such circular cfrjci.s can 
h^- eitficQjosirrveihy increasing the observed 
ertectfor negative (hy reducing theohserved 
cilccil 

'I lic Nn tie Ocrafi has kYwc priiicipa! bpi 
ir>g tv. iM'c Ocean tnrou ih the Nc 

■ • ..,:d C trrjiilanc Seas. La r 1 ier pecan ic 
siLidics have .shown ah ihllbw bf warm 
water in the Norwegian Atlantic Current 
(a northern branch of the Gulf Stream cir- 
eUlalibii) aiid an oultlbw bfcold water along 
the cast coa^ t of Grcerilarid. The Last 
Greenland Current also exports an enor- 
nibus amount of ice from the Arctic Ocean , 
rr.iiii Strait, the passage heiwecri Green* 
land and Spitsbergen: has been the focus 
of rceem lieat-cxchangc research. This work, 
spbnsbr\ ] by rHc Olllce bf Naval Research 
and NSI : has shown a coniplex CUrreht 
sxsiem with t;nergetie eddies existing on 
dilTcrcnt space scales. The evidence for 11 uc- 
tQiitions iii the water ti-arisport has placed 
a greater iniporianec on concurrent meas- 
urenients of outllow iliroi:gh the Canadian 
archipelago, arid p^^^-Hv ib rough the 
Bering Strait: 

Along w ith the g? ow mg nu m hers of 
direct. Ibiig-ierm measLirenients of the 
water and beat excharigc thrbUgb J rarii 
Strait has come an increase in the number 
of oceanograpbic crui.ses to the Norwc^gian 
and Grcerilarid Sea.s arid the vjciriity bf 
SpitsberjVcn. In the summer of 1982. for 
example. 'the M/V Lance carried out a joint 
U.S.-Nbrwegiari program lor an iritegraled 
series of p by s leal riieasurenierits in the Ki-arii 
Strait area. The long-term deployment oi' 
pres.su re gauges will yield direct measure- 
nierits of the total flow to cbniplemerit data 
acquired during the cruise: 
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Sciehlifig, Technologioal, 
and International Affairs 



NSi *s prountni* ♦or >cicntiric; tech- 
no loti teal, j J I n l':r tial ion ul 
alTjiN (SI IA) have liriijjiie tune- 
tioMs if)a! are central lo the mission i)t the 
I ouiuiatiori. ! hrouiih aciiv itics .siipportcil 
H\ these prtiiiranis, the uorl< t^l NSI- reaches 
inan\ poteniial iiscrs across the Dniicd 
Slates — ..rnonii tficni representativ es of state 
a hit local utivernnients. small hiisihess or 
ituhisinal platinets. acadettiie seiciitists. 
L!r«>iips olf jiriv ate^citi/ens. arul prominent 
liccision makers wi fctleral agencies, the 
C onuress, aiRj-ihe I \ecuti\c OlTice o[ the 
I'rcsivlcni. Niorc broai.II\. these proornnis 
ais.^ lii^k \incric.i'i scientists Mnd eni^inecs 
'AiiH collcaiziics ti .wiy. research in loreiyti 
CO tirltr res; 

ST I. A programs inciude Industrial sci- 
ence atui iechriologieal innovation, inier- 
L'«>\ ernmeninl and publie-serviiJec^jcience 
anil i ec h n o I oy \ , i n t e r n a t j o n a j -co o pe ra t i ve 
sciehtiric aetivities. pblicv rese;irch arid 
atialvsis, and science resoprees studies. 
Mieir tioals are as lolious: 

I; Vo eiMidUcl research prograhis that 
cut across JiscipNnes and strengthen the 
scieniillc and lechni)Io^ieal {S&Tj research 
enterprise. hiHh ii^iohallv arid ihterha- 



2. n\ collect and analy/e ciala on the 
sintus oi the naJiohal S&T ehtefprise. 

.V \o st(nf\ p[jblic-policv issues in sci- 
ence anij iechnology, 

4, \ o serve NSI* iiiid other governrricrit 
decis! -;i MKikers wfio face complex prcib- 
Ic ^1- pcitaiiimti to science ;md technology 
:iij.l :i c Itiliire of inn count rv. 
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Industrial Science and Tecfiriblbgical Innovation 

Here the program goals are io-^ A. livaluate institutional changes that are 

I. Increase knowledge of science and designed to innuence overall leehnologl- 

erigirieeririvz that is essential for tech nolog- cal innovation, 
icat inntuation in the United States. 

Link researchers with eommereial fonOVatlOn PrOCeSSBS 

users in the industrial sector. RcSearch 

3: Inereuse general understandihg of 
innovation processes and how thc\ are Iniramaral projects in this arca'iriclude 

^**^^^S^J^>' government aciiotv and pri- industry / university cooperative research 

vate firms. cehiers. which have ah important place in 



Table 5 

Scientific, tech noiogicai and Internationa 1 Affairs 
Fiscal Year 1981 and 1982 



(Dollars in Mi l lions) 



Fiscal Year 1981 



Fiscal Year 1982 



Number_of 
Awards 



_ Amou nt 



Ngmber of 
Awards 



Amount 



Industrial Science and 
Techhblbgical Ihhbvatioh 

Ihtergbvernmerital and Public- 
Service Science and 
Technology. 

International Cooperative 
Scientific Activities 

Policy Research and Analysis . 

Science Resources Studies 

CojDrdinated Agency-Wide 
Research Activities' 



277 



$ 17.06 



210 



$ 12.90 



Total 



47 


2.50-- 


38 


1.20 


282 


10.07 


363 


11.58 


104 


4,41 


81 


3.90 


46 


3.10 


41 


3;i4 


307 


16.61 


63 


7.60 


1,063 


$53.75 


' 796 


$40:32 



•Formerly CfOS- JifoctQrate Programs _ 
'"Fujds tor Scicnt,(> for Cittzens and for Ethics and Values jn Science and Technology itotaimg $3.065.69l| carne under 
the Science and Engineering Education appropriation tn FY t9ai 



.^.9^"^^ /.'5cal Years 1983 and t984 Budgets to Congress- Justification of Estimates ol Appropriations lOugntitative Pro. 
gram Oata tabiesi 
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the iiaiii)iK.i. research eiTi)ri. NSI siiilT, 
uorkiiig vvilh cvaluator.s at the echiers. 
have heeti assessing center operaii ns and 
en'eclivcness — looking, lor example, sci- 
ehiifle eoiiihuiriieatioh networks, ofgahi/a- 
tional siracture: and successes ai e;u;h cen- 
ter. The group also wrote a manual on 
hovv to start arid operate a eooperalive 
research ccnier: 

In addition. NSf slaiTand scieniisls from 
seven'l iiiajor universities analyzed social 
scict.. c(unribaiions to technological inno- 
v.ihon and nalioiial productivity. The paper 
ro'jltirig Iroiii their analysis also rioted that 
possibilities for privaie-sector support of 
social science are limiled.. 

hxtrainurai projects include these: 

• The Rand Corporation; in an NSK- 
i'linded slud>. is examining social and 
organi/alibrial aspects of office autb- 
niaiion and factors that may help Or 
hinder it. The study has attracted con- 
siderable corporate atteritidri. arid sev- 
eral coitipanies have been actively 
cooperating in the project. 



• University of Michigan researchers are 
siudyirig a iiatioiial sariiple of fii-riis 
with enip!t^>ce stock-ownership plans 
io learn hovs ilii^ rowing forni of 
brgariizatibri allecu v'.brker rribtivatibri, 
prodactiviiy: and the pace of techno- 
logical innovation. 

• A project at California's University 
of Santa Clara looks at the ventarc- 
capiial industry and the process and 
criteria used to rriakesuch irivestrrierit 
decisions; The study includes interviews 
with both investors and high-technol- 
bgy eritrejprerieurs: it should give a rare 
view of ^'market failures" in this inda:s- 
try. along with data to guide future 
practices. 

jhdust^ry/U hi versU^^ 
Cooperative Research 
Projects 

NSF sponsors cooperative rKcarch done 
by university and industrial scientists and 



engineers, .'oini propbsals. reviewed as is 
ariy bther scieritific proposal, are judged 
and awarded grants on the basis of the 
best arrangemejU for the eooperalive re- 
search effort, Sigriificarit cbst sharing is 
required of Industrial participants; 

Approximately 17 percent Tthese awards 
have gbrie to parlrierships irivdlvirig urii- 
versities and small business firms; Projects 
funded as of this writing have bocn divided 
about equally betweeri erigiriecririg arid sci- 
entific fields; Chemical or electrical engineer- 
ing, materials research, and chemistry have 
produced the largest riuriiber of proposals. 
Some examples of projects include: 

• 7 he lUiridis Iristitute of Technology 
and Beil Laboratories are developing 
an infrared Intracavity spectrometer 
to study chemical- vapor depbsitjori 
reactions; This research will have prac- 
tical apjilications in (he manufacture 
bf sblid-state electronics, solar cells, 
and optical fibers for telecommunica- 
tions. The advanced scientific instru- 





MaterlBli research and the ipie« f»rogrim. A Martin Marietta teehniclan jnepects the apaee shuttle CotumhWM external tank parte, which 
are cbvere.' with an ablative ihsujatiqri material. Martin Marietta and the^assachUsetls institute of Techriqlc^y developed a time- arid cost- 
sayipfi technique fo^a^ cooperative research grant 

from the NAi onal Science Foundation. (Second photo shows entire external fuel tank for Columbians rockets.] 
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niencniihii ilcvclopcd aliil liscd here 
oilers an added icehru)l()gicnj hoiuis; 
• l o seek new energy- and cnsl-cfnciclil 
nialeriais.for the packagiiii^ and con- 
taiiier iiidustry. li eheniica I engineer- 
ing proCessi^r at the Polstechriic Insti- 
tute 1)1 Neu S'ork and scientists at 
Allied l ihers and Plastic Company are 
worknig vsith therrilDplUs'/c polyiiieric 
niatcnals. Thermoplastics have been 
replacing glass and metal containers, 
dC)iTig the sahie ji)h at Ii)\ver cost and 
superior pertorniance: With the Cise 
ol iuo or more sandwiched layers of 
ihernioplastics. strength and barrier 
protection will improve. The sand- 
wiches are made hy pressing out the 
jn)l>nicrs iv)gether. 

I Itis project locuses on u ays to avoid 
inslahility in the interfaces between 
the plastic layers. The inlormaiion it 
prodnces wltl Iniprtwe the theoretical 
basis lor design and control of inno- 
vaiive iridustrial processes. 
A new type of chemical reactor — a 
membrane reactor— cariie Tr-Mn the 
research r.i'u icanl at Cieheral l-lectrlc 
and the Universii> of Pennsylvania. 
This hew product allows a chemical 
reaction io occur with the help ol 



caialssis. then separates and_concen" 
trales the reactioii products. 1 he reac- 
tor is expected to peribrni catalsiic 
processes thai require less energy and 
a smaller capital iiiveslhiehl than other 
devices currently in use; l^ossible appli- 
cations include the synthesis of a lead- 
free ahliRhocR additive for gasoline 
and the production of an intermediate 
cheniicai product in seti^ \ lulietic peni- 
ci 1 1 i h rii a n li la ci u re . The u h i ve rs i i y 
applied for a patent, and licenses lire 
available to industry through university 
paiehis 

Possible catalyst designs lor an o.xygen- 
reductlon electrode were Invesiigaied 
by a research team dI' chemistry pro- 
fessors at Siahlord University and the 
t alifornia Institute of Teehriology. 
along with a senior research scientist 
at the Hercules Cotupan\ . Thi> work 
inv()|\ed two-eiecirtih transfer prb- 
cc^^es and the structuring of organic- 
iiielallic cbnipuunU.^ for specific cat- 
alytic tasks: The tearii discovered a 
new p.xygen-reduction catalyst, open- 
ing the way for other applications such 
as li hydrogen-oxygen fuel cell. New 
sources of electrical energy to heat * 
buildings or iuel ears could result. 



Intergovernmental and Pubii^^ 
Science and Technology 



1 hesc programs, which reach impbrlahi 
sectors of the nonscient i/ic community, 
are ihtehded to: 

• iincoaragc the integration of .scientific 
and technical resources into the aelivi- 
iies of state arid local gbverrirrienis. 

• identify, analyze: and help resolve the 
ethical and social dilernmas arising in 
arid frbiri the work of .seieriiisis arid 
en^zinccrs: 

The I oundalion directed recent inlcr- 
goverrimeriial activities riiairily Toward those 
in slate and local governments who use 
scieri ti He and tech n i ca 1 ruso u rccs. Th ro ug h 
NSJ* efforts regional arid riaiibrial nelwbrks, 
public-interest associations, and other re- 
sburce groups arc encouraged to (1 j furlher 
govemrherit Uriderslaridirig bf how io use 
scientific and lechnical resoarces, (2) offer 
ihrormaii..'n and icchnicaj services logov- 



errirrierils, arid (3) brganize interjurisdic- 
tional information networks. 

Inibrmalion and tcehnieal services cbrrie 
through workshops, site visits, newsletters, 
and cooperalive arrarigeriieril.s with the 
academic and private sectors lo address 
cbinriibri probleiris. Assessments of these 
actU'itjes yield irripbriarii le.ssbn.s and help 
identify future needs and strategies. Pro- 



gram efforts are designed to capita 11 /c oh 
NSI 's experience, encourage the repiica- 
tion of previous successes, arid heip trans- 
fer support to nonfederal sources. 

The I'oundalion also aids research and 
rdiited activities ^hal address the ethics 
and values involved in sclent i He arid tech- 
nical wDrk. Issues of general concern are 
analyzed arid the results widely dissenii- 
nated: The National lindo.vnlent for the 
Hunianities supports these efforts along 
with the f t)uridalibh. 

Some questions raised in recent prbjects 
on engineering ethics included these: Do 
ehgiiieers have special professional respon- 
si bib tics? How should they deal with the 
risks associated with or stemming from the 
wbrk they db? How cari their organizational 
environments be structured to iliiprbve pro- 
i'essional responsibility or help ihem manage 
risks belter? Cari professioniil societies and 
engineering educators pla\ a special role 
in dealing with these probienis? 

These are ribt questions to which t".nal. 
definitive answers can he L'iven. However, 
projects ^an help identif) problems and 
describe bptioris and partial solutions. !-or 
instance: lil an extensive survey of erigi- 
neers employed by two organizations with 
ii hisibry of design iiig safe products, the 
vast majority reported that their corieerri 
ior safety came from an organizational 
cjriphasis. riot frorii their education or 
frt)m professional societies: Managers in 
these companies were also positive about 
regUlaUbri.s as a sburee bf proteetibn from 
unscrupulous compeiittirs and about public 
influence as a w jy of setting high product 
starid irds. 

Engineers, social scientists: and philos- 
ophers also pariicipated in a workshop to 
review the results bl these studies and to 
devise strategies thai promote safety in erigi- 
heering design. (A volume that includes 
the iwb ease studies arid the wbrkstlop 
presentations is available f rom the Hurriari 
Dimensions Center, Rensselaer Polytechnic 
IrisiitUle, Troy, New Ybrk.l 



the Foundation manages some 30 cros:s- 
disciplinary prpgrarns with particujar coun- 
Ines Urider bilaleriil agr^^^^ Tor cdbp- 

eralion in science and engineering: The eost.s 



fur ihi.s ebllabbralibri are usually shared 
by the United States and the governrrierit 
of the participating eoynlry. Exceptions 
are Iridia arid Pakisiari; Ibr these programs 
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lnternatlrn«l exchange. Chemist Jonathan t: Sessler {left photo) received a U.S.-France exchanp grant Jrom NGF to work for a year on the 
cnemic-' svr»-hesls of a type of catalyst thaj may have wide commercial application in producing pharmaceuticals. Sessler was at the 
Couis Ra-Aeur University in Strasbourg. Fran ce wUh J ean-M^^^ the world's leading research teams in this area of sci:: 

®"ce. Also at Strasboura on the san^^^ was chemist Cynthia Burrows (right photo, at right), shown with a French 

coUeaaue a_t Lehn:s laboratory. Burrows has a grant for 15 months to study the binding of organic ions to crown ethers, this topic is of great 
interest m organic chemistry and one on which Lehn s group has done rhuch of the prior research. 



the expenses tii' both sides are met by 
r.S.-invhed special foreign eurrene\ held 
lor suc'i use: 

NSh's hiintL'ral partners in cooperative 
research lall into three groups: (!) the 
imiusirial; markct-eeononiy countries of 
weslern I iirope. j'ast Asia, and Oceania; 
(21 C liiiui and the eeriiraiiy eonlroiied. 
indiisirial ctiuntrics of cnstcrti t^arope: 
antl {.^j 'he less tnduslriaj countries of 
XIrica. Vsia. and l.atiri Ameriea. One of 
ItiL'SL* cotiperatjve arrangements is described 
here. 

C jovef.ihiei.l pariieipalibri aids the ex- 
change of knowledge among industrial 
coiinlries. l or example, certain major 
research eqiiipmeril arid facilities have 
become so expensive that countries now 
agree to share their use and costs. Then 
too. I'oriilal hihatloria! arrarigemerils often 
ease access hv scientists from one country 
to the national laooralories of anot her. 
.\Ii)reo\er. CMlcouragihg slri)rig persbriiil ties 
ain')rig lonuvrrow's senior scientists is ini- 
pt)i-lahi io all cbuniries: today's younger 
scieniists firul It difneUit lb spend substan- 
tial periods of time in research and study 
abroad uiihoiii gbverrimerii eneoLragenient 
and aSsisiahce. 



Exchange of Scientists 

I he liriljed Siiiies-hrarice exchange bi 
scientists grew out ol i general franiev.ork 



for .scientific cooperation ej;tabNshed in 1960 
as a symbol of improved relations. But 
there was also a mutual feeling that scien- 
tific cooperation between the two coUritries 
had lagged and needed bolstering. One fea- 
ture of the agreement was a post doc I or a! 
•jxehange of scientists: The two sponsors 
of ihe e.xehang;;~thc French Naiional Cen- 
ter for Scierilific Research arid the U.S. 
^^Jationai Science Foundation — have effec- 
tively disiribuled information about the pro- 
gram arid kepl^up a lively irileresi iri scieri^ 
tillc activity in both countries: 

Fxchange visits under the program usu- 
ally last one year. Sh<»rl ,;r visits are possi- 
ble and beneficial Uv 'hose familiar with 



The Fburidatibn appraises the impact 
of research upon industrial development 
arid the general welfare and is a source of 
inrormatibn bri policy rormulaiibri for other 
agencies of the federal government: 

Areas brslijdy irielude the eoniribuiion 
and Impact of i^cietice arid lechriblbgy bri 
the economy and. society: paiierns of Inter- 
"'^^^•'^"J^l ^'^^^hipeiiliveriess. technology trans- 
fer, and monetar> iransaetloris: way.s ib 
assess and niyriage technologlcaj risks: and 
relatmriships ariibrig science and technol- 
ogy policies and those on erivirbrimcriial. 



IhejUriguage arid irisiiiutibns of ihe hbil 
countr\; Typically: scientists in the pro- 
gram are under 35 years ojd and still in 
their formative years of professional devel- 
opment. 

Each country selects „i\ '^licants w ho merjl 
suppbrj,. tia.sed bri ihe cburiiry's bverall 
needs and perceptions of the host s research 
sirerigih in specific fields. as \veil as gen- 
eral scicritinc merit. Awards u rider the 
U.S.-Francc exchange may be in the math- 
criiatieal, physical, engineering, big log- 
ical, arid social sciericcs. Mb re ihari 70 per- 
cent of French participants have chosen to 
work and study with U.S. chemists, physi- 
cists, arid life seieritlsls. 



energy, and mineral resources is<' '.-s Tv.u 
examples lollow: 

Teletext and Videotext 
Systems 

An NSF technology-assessm -nt study 
examined some of the publie-pohcy issues 
as.sbeiated wjth ihe pbieriiial develbpnie^ii 
of teletext and videotext in the United State^; 
These are eleelronie systems for the wide-\ 
spread distribution bf Ivxiual and graphic 
information. Display of the inf.)rmation 
relies on low-cost ierminals under the selec- 



Policy Research and Analysis 
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live LOiUrol oi opL-ralDrs w ho use procctlLircs 
i f Ki i i u ) 1 1 c \ pc r i s L .i n c .i si 1 n ij n U c r s i ;i n d . 

\ idcoic\i is I he ucncfic 11 a hi c tor sys- 
ictns liicii provide ior tvvo-vva> ini'onnation 
tlovv. vvhcrc;is tclcicxi rcllTs to oni'-vv ay 
iransMlissjiHi sCTvicos. I His icchliolouy has 
the potential to chaiigL- the way people use 
iiitorniaiion. 

I he teletext videolexl p.if '!ie-poliv:> de- 
hate— both iiationaliy and iulernalioiKilly— 
lias alre;itlv Hegini. No s'lnele body of' lav\ 

reiiiil ji ioit has elear j'irisdietibn over 
(his jivhriii (eclinojouv. fs<.aes addressed 
111 the leehnolot!v-assessnieiil siudv include 
ifie question ol" user aeeess. die hiiirkel place 
striiLture, the rei^iiladon of eonleni. and 
ihe poientKi! need lor added copyright pro- 
(Cctioii . 

II .iMil when vviilesprcad tisc (^t" tclctcxl 
aMiI videi.tc\t bectinies a rcalii\, other issues 
iliilsl he e\ar1itiied. lor example, whiit 
rcsirietmris. d'anv, shotild there be ori the 

ist .i.noinits ot persoiuij infornialion that 
^'udd he coMeeted Irohi videdlexl svsieri?sV 
l)eriniti.i^ an indivitluars ripht to privacy 
:n tills electronic en V ironnieni is a. corn.pji- 
c.iled task hiit oiie i>f eonsidcral^lc public 
mi crest. 

S iileoiext will .ilso ;il|ovv people to shop 
elcetroniCJllv . Here the policv issues include 
jirnieetinL! consumers aLiuinst ijtiestion- 
thle s.iles i,iciics jiul niisrcprescnied pnul- 
liCts or service-,, as wl'H as dealiriLi with 
iJiN[)u.tes .iiul iiuaranteeiiie product c|unlitv; 

Oilier issues inelude the question oi' anti- 
trust lepjslation aiid the rtilc of huiltiha- 
iion.ii . iM poiations in w hat promises to be 
.111 miei tMtioiial enterpr ise. 



Taxation and Innovation 

Several NSf' policy studies have assessed 
relationsliips between taxation, innovation, 
iihd other variables, siieh as business edh- 
Udence and market strategy: Tiieir main 
tjuestion was: To what extent can (or doj 
tax measures stiirriiilatc industry to develop 
and use nev< teChlH)U)gy? Associated policy 
tiucstions are: Do other countries_pr()vide 
signilVcandy better tax trcatineht ol" ihriova- 
tioli than the tJhiled States di)es? Do specific 
tax incentives niarkedlv aliect innovation 
aetiv ilies.' 

Over the last leu vears [|97^;:82). NSl- 
directed a nnniber of shori-terni projects 
to uather initial data and give interim asscss- 
ihenls for use by the publi(*-policy coni- 
tiiunity until liMlg-terni .siattstieal wi>rk could 
bc.comple'ied. Results of this j.irly vsork 
indicate dial claims in ide in the public arenii 
f.equcnily oversiale existing CviuehCc abi)UI 
•he. use of innovation tax incentives abroad 
;iiid the effect tveness of those incentives. 
Intbrmaiion iitul discussions stemming from 
these iUdies led to a definition of research 
hypoUiescs. stimulation of jiroposals. and 
(iindinG of two lOtlLi-lerm pn.>,ccts to jssess 
tax cilects on Rcvl). 

One project will use .statisiiea! aruilysis 
Lo.estrniate cfTcel.s of the 19X1 tux act on 
K&D hv vL.ir industrs. t>pe of K&D. and 
tvpe of firm. The scCiHid project will studv 
the efie.cts i)J" lax. variables on R&O for 
schrcied hiuh'teclinologv sectors in the 
t niled States; the United Kihudi)l1i. the 
1 cderal Republic of Cicrma.iy. :ind Canada. 



Science Resources Studies 



Ihriuiirh ihis prOL!r;iiii. NSI- doe. sur- 
\e>s and an.ilvses ol ihe naliiMi's scientific 
.iiid ieeliiiical resoiirees and publishes sev- 
eral ->cr-cs of report ' Aini suiiiliiarics. riiese 
puiMicatiMiis i.;i> to A vjnelv i>f tiscrs — in- 
cliidiiii! oiiiei.ils ilirouulioul ihe federal uov- 
ernincijt iii state and loeal inncrhiiiehi. ir; 
cducarional msi it ni inns, ami in indtisiry — 
vvlu) lievelop seience polie\ i>r alU^cate sei- 
eiicc rcsoiifces \nalvsts o\ the national 
and li'c.il (csource-allocation svsicm lor 
seiLiiee aiid lecliiioliiL'v make up another 
!n:port;iiit aiidience: 

hjs.\ the j oundalion continued 
to dc*v i-Iop periodic and com prehensi v e 
M.jihMi.i! over-. ievvs of the Set I personnel 



situation and of past and current funding 
for S^'I activ ities; Several reports of special 
siumticance arc highlighted below. 

The i:Mh annual report (>fihe Natii>iial 
Science Bi^ard. Scicme huIiaUors — NSO, 
went tri^m ihe President to the ('i>ngress 
late in I9S|; The report is the fifth in a 
series providing indices i^i" science and tech- 
lioli^gv jicrformahce in the l aiited States. 
I he current volmiie Contains more data 
than did previous reports in the series. It 
fociisesiMi priiiiarv policv tiucstiohs, offering 
alieriiitiivc interpretations and pointing out 
iimitaiions in the. data. This v olume alsii 
ilicludes ihe results o!' :i special compre- 



heiisivL- siirvey of public attitudes i'ivvard 
science and teehnology; 

r fi o. third V o J u in e of a cries . National 
Pattt'niy Vtf Scienrc and Technology Re~- 
sourccy, was al.so published daring the 
year. This series provides a concise^ cur- 
rent dverview 6\' U.S. science arid techribi- 
ogy resources: Data in the repori Indicate 
thai total U.S. expendil.urcs for research 
and develd'~'^^ ^* should increase in 1983 
to SS5 bjl':-. <iif"> expenditures have 
increased ii"» te;.i coristant doHar terms 
each year si rue 1973. averaging about 
4 percent annual I v ihriiugh I9S3. 

National R&D expenditures as a percen- 
tage of the gross national product iiave 
been g()ing np slightly each year bcl^^een 
jy^7>md 1982. Over this periodjhe national 
R&DCiNP ratio increased from 2,2 to 
2.4 percent: compared wjih a peak of 3.0 
percent in I9M. In l9S.^ the ratio js expected 
to reliiain at 2.4 percciit. 

H'omvn ami Minomies in Srienrv (Uid 
tji^inecrin^, pMblished in the spring. ol l_9K2. 
respoiids to a corigressior.al directive. This 
is a biennial statistical report ()n the par- 
ticipation of women and niinority grojjps 
i^n tcehriologieal jobs and training. The 
report highlights differences in job pat- 
terns between vsomen and men and between 
whites und racial iiiiiiorilies. It also re- 
views a series of indicators: such as ancm- 
[.ioMiient rates und salary differentiajs. io 
assess relative labor m;;rKet eonditioris lor 
sciendsls Mid engineers: Data are presented 
i)n the humber and proportion ol* women 
aiid niinorities earning degrees in science 
and engineering and i^n rhe vva\s thiil those 
groups acquire math and science skills he- 
lore they el'iicr college. 

.Among a number of special stadie;*^ and 
anaKses during the year was a report on 
llic results i)f" a .special survey of sriialL 
liigh-tcehnologv companies engaged in 
research and development. The survey 
was suppleliienled by in depth iiiter views 
of a sample i)f the responding rms: A 
report, Prohlems of Sniall. H igh- Tech noh 
o}iy FinfiM, canic lUil in the spring of 19S2 
summarizing the findings of both survey 
and iiiterv ievv s. I he study doeunients and 
assesses the perv asiv Cilcs.s of eeriain prdb- 
lems. among .' ubg roups of high-t cell nol- 
ogv firiiis. 

rwi>-iliirds of the fir-hs identified these 
lour areas as n ajor ci>ncerns: prov iding 
coinpetitive salaries ami hencllts. maintain- 
ing RtfeD wirrk at adequate levels, dealiiig 
with iionprocurcmeiil reguiations. and 
i> b t a 1 n i n g v e n t u re a n d or vv o r k i ng ca pi i a I . 
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Scientific and Ingineerfng 
sonnel and Egucalloh 




I~ W iho I tiiirulUUof locuscd the 

nuisi cniical ncal — support to griiduate 
students — uliilc aiso lulflljini:. earlier 
eoiiHtiittncfits to otiiroihg projects. In addi- 
iion. the N.fiional Science Board esliihlished 
the C otiitiiissioii oti PrccoHege liducatton 
ihMalheniiitics. Sciericc. and Tvchnologv. 
i he C oninnssion began to exanrinc the 
entire scope tiT VS. eienientar\ and second- 



'»ry preparation in the technological nelds. 

.'*J^^' debated holh the nature oj lhe cur- 
rei-t situation and the rhoM appropriate- 
roles for jederal. local, and private reSoUrees 
in nhdihjz solutions. 

During 1982 a[l other science and engi- 
fieering education prograrns at NSI*' were 
lerniiiiated. and the Directorate for Science 
nnd lingineering hducatiori was roslruciured 



to lorni the OMice o\ Scientiric and hngi- 
J leering Personnel and Kducation. The hew 
0'ii^!e'.>idininisters gradual!: fellowships, 
.^.'^l*^ pbstUyctbral Tellowships. and con- 
tintiing activities lor awards made in pre- 
vious years, it also offers, info rm-at ion to 
the niariy public a iid private agencies work- 
ing to improve the quality of educaiib'^ in 
science and engineering: 



Graduate Fellowships 



Snicc l*J52 the roUiulalibn has blTered 
gr.iduatc feiiow ships eacli year to some of 
lilt- iiaiibirs ihbst promising and tiilenied 
siudciits: I his siipporl accelerates the siu- 
dcnl-.' progress toward beconiing high-le\e! 
corUrihutbrs lb the iialion"s scientinc and 
technological enierprise. I-ouhdalibri fellow- 
>hips are llevibie— they go to individoai 
sliiderils u ho then choose where they wish 
to slndv; In recent years there has been ari 
emphasis on awards to nunotity stadenis 
to enhance their opportunities for science 
and technologv Careefs. 

In VS 1982, offers were extended to 555 
'"A'^'^^'*'^ ^^^^'^ three-year graduate fellow-^ 
ships. In addition, K()52 persons cbnliniJed 
iheir iejjowships from previous years: In 
I' ' "1 P^' tj I ' i^n , an o_t he r 794 
individuals recej\ed Hbhorahle Mention. 
I \perience shows thai this NSK citation 
^^'""^V^ '*^ very high endorsement and quite 
oHen helps sindents gel support rrom biher 
sources. 

i bllbvv irig are four example i of work by 
those awarded fcllbw.ships iri FY 1982: 

• JoJtn E. Vidale. in geophysics at the 
C iilifbi-iiia Iri.siilule of Technblogy. is 
investigating earthquakes through the 
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study of seismolog> and after-shock 
patterns He has already done research 
on the seismicily ol the New f lebride.s 
trench. 

j^fine M. Kirktand. iri electrical eng»- 
neering at MIT, is interested in digi- 
tal s'gnal proces.sing and optical and 
n 1 i c r I) wii ve t ra ri .s hi i ss i b ri . 



• Jeffrey L Eppin^er in eompoter .sci- 
ence at Carnegie- Mellon University. 
pUms to .study algorithm design, cbm- 

- puter systems, ai.d the design of per- 
sbnal work stations. He has a j ready 
done cnip meal re.search bri computer 
program branching. 



Mmrtm C: Havden. ^^ genetics ui the 
University of Washington, Seattle, 
plari.s lb investigate DNA cjoning 
techniques U*^seeR relaiibriship.s be^ 
i^veen gene htruciorc and fonction: 



Tables 

Office of Scientific and -Engineer! rig Periohhei arid Education* 
Fiscal Year 1982 

(Dollars in Millions] 



Fiscal Year 19fl2 



Noffiber of Awards 



Amount 



Scientific. PersonnelimprOveitieh 

Science Education Develbprnerit 

arid Research ^ • - 

Scierice Education Cj^ . . . . . . \ 

NSB Commission on PrecoHega Educatibri 

in Mathematics, Science, arid Techriblbgy 

Total 



1,439 

69 

3 



$16:75 

2.67 
1.19 

:29 



1,511 



$20.90 



*F6i'me'«y jhe Direcibrate for Sctence and EnginoerinR Education 

SOURCE Fiscal Yea' 1984 Budfia* to Conoress-JuitiUcfrtion o\ Estimates b( Apjjrbpriations (Quanirtative Program . iia 
Tables) - - _ ^ 
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NATO Postdoetorai Program 



Fu promoic closer cjlliiburaiion i'morig 
ihc scientists oj' lhc North Atlantic Treaty 
(Jrgiirii/iiiiori, NSh administers a postdoc- 
u^riii feiiovvship program for the U:S: De- 
partment of State. Avvards^re made each 
yeiir so that youh^ scientists can do post- 
graduate research in foreign countries 
for 0 to i: months, In FY 1982.49 individ- 
li.ils received avvards for advanced study 
and rcsearcf) In Canada. Israel, arid \Z 



Pfccollege achievemerit arid participalibri 
in science i«nd mathematics !.s declining, 
yet our society is becoming ever more tech- 
nology oriented. In resporist- to the chal- 
lenge oi revitalising our educational efforts, 
the National Science Board established a 
Coitimission on Prrrollege Educaiibri iri 
NIatheniatics, .Sv lcnc**, and Tec hnology in 
April I9S2. This Commission aims to 
explore what gbvcrrimerits arid pirivale 
organizations; professional groups, and 
individuals can do to improve mathemat- 
ics, science, arid • chriolog) educaiiori. It 
will alst) coinc \ith a set of ideas; op- 



Hurbpeari cburilrics. 

In a parallel effort, the Foundauon 
provides travel funds so that U.S. grad- 
uate arid pb.sldbcibi-al siuderii.s cari attend 
NATO Advanced Study institute?;: Candi- 
dates, competing for these awards are npnii- 
iialed by the appropriate director bf the 
European institutes; and NSF mokes the 
final selection. In FY 1982, 55 students 
attended the irisiilutes through this .support. 



tioris, arid .strategies tb irilprbve the qual- 
ity of precoiiege science and math educa- 
libn in this country. 

This Cbmmissibri is ribl meant tb be 
another study group: Rather; the 20-mem- 
ber body will develop an action plan for 
all sectors of sbciety. This plari shbuld Help 
our educational systems— rboth formal and 
inlbrmai — prepare all citizens to Jive, work, 
and participate fully iri the sbciety bf the 
future. 

At its first meeting in July 1982, the 
cbmmissibri articulated these goals fbr 
America's educational systems: 



• To continue to develop and broaden 
the pool of students who are well pre- 
pared and highly motivated to pursue 
advanced careers in mathematics, .sci- 
ence, arid erigirieeririg. 

• Tb widen the range of high-quality 
math, ;science, and technology educa- 
tional offerings so that more students 
cari choose lechriically oriented careers 
and profe:ssions; 

• To raise the general science and tech- 
nology literacy of all citizens. 

The comrriissioricrs, representing a vyide 
variety bf fields, begin wbr.t.irig iri fbiir 
task groups focused on: (1) federal; state, 
arid local governrnenis: (2j prirriary Educa- 
tors: (3) iridirect faciiitatbrs bf the educa- 
tional process, sucH as radio; television; 
arid the press; arid (4j coIl',:ges and em- 
ployers who receive students frbrri the sys- 
tejn. The task groups have sought the views 
of a wide rarige of individuals and organiza- 
Uoris bri imprbvemerits br chariges needed 
in our precoilege educational systems: At 
the same time, the commissioners have been 
lobkmg al a variety of existing prbgrarris 
that offer high-quality precoilege experiences 
in scientific arid technical fields, to see which 
of these might merit adaplalibri elsewhere. 

An interim report will follow the early 
analysis arid ideritification phase. Then, with 
the knowledge gairied from their wbrk, the 
commissioners will draw up recommenda- 
tioris for actibri. A firial rep>ort will come 
oat near tile erid of 1983. 



NSB CommjssiDHDn Precoilege Edueatidn in 
Mathematics, Science, and Technology 




Niilonal Scl«ric9 Boird Cominiiildii.Jri photo at left rriemberd of the Cbmmlsdjbn bh Precoilege Education 
'''^chriblbgy are sworn In July 9, 1982 by then-NSF director John B. SJaujahter J2nd fr^ 
chajrrnan pLthe Natjonaj Science Board and a Commission member, addresses the group. Seen at far right i 
co-chairs Caciiy Cannan Seiby and Willlarfj T. Colenan, Jr. 



icjerice. arid 
IS Bran scorn t 
■■re Commission 
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MpdeJ_science center These stude.nts are learning at the Fernbank Science CenterJn Atlanta, Georgia; The National Science Board's Commis- 
sion on Precollege Edocatlon in Math, Science, and Technology has idehtified Fernbank as a.fribdel of innovative sere nee educatlpn 
Atlanta students of all ages (and some from other parts of the sTate as weM) go there to work for several months at a tirne. They benefit from 
both rhbderh equipment arid exehnplary teachirig by working researchers. (Phbtbs by Pat Oimert] 



Continuing ftetivitles 



Research Apprenticeships NSF-indUstry Cooperative 

for Minority H|gh Program 

School Students , 

In recent years the l-punda lion has played 

In \ \ l^)S2. awards wcm to 2X colleges. j^^V ^^'^^ T^P'^'y ^^P^"'^'"g ^sc of 

uhsversitics, arid inhor Orgahi/atiiiris lor computers for education and rclaie^aciivi-- 

these research apprenticeships: The grants ties. For exaniple, the BASIC .c:u4ipuler 

will enable sonu' 42^ students to have the ^^"^^^'l^^^^^.^'^^eibped as piiii^ of a sci: 

experience and exciienicnl of worRirig with ^"^'^ education project at IDartmoulh: the 

professional scientists in their Inhoratorics; LOGO compuit^r-aidedjnstruction language 

Durinti the sunniier. the students will do ^^"Ml^^.^LATO and TICCIT systems Tor 

research \\i:h scientists, aiierid serriiriars. y Coniputer-ussistcd imtraciiori also received ' 

and CO on held trips. Acadeniie-ycar aetivi- ^ f oundation support at MIT. jlh'noi.s, and 

lies 111 a\ include further part-time research J^Jl:'"^. .^'^rpbralibri respectively. Today 

at the iiraritec college or urii\ trsity. study these prototype activities have become the 

It the siudcnt's high school to prepare for locus of intensive private-sector develop- 

iocal or national science fairs, presentations nierit and irivestrrieril. 

ahi)iii the siiriihier science cxpericriee It) High In \ Y \9H2, NSl 's involvement in ihc 

school peers: or work us laboratory assis- area of eomputefs in education was uri- 

tants. Cirants provide modest stipends lor usual. The FoundatitHi funded models of 

I'^^'VM'^'^'^'!?^'' .^'"^^^ cbrripuier-based instriictibnuj materia! for 

grantee institutions to cmcr costs asso- education in the seieriees arid engirieeririg. 

ciated with student aetiviJies. using computers donated by nianufactur- 



ers. J ive cbriipariies [Appie, Atari. DEC. 
IBM. and Radio Shack) participated; They 
^'pniri^^utcd a combined total of about 
5900.000 iri irbfripliier eqiiipirienl. and NSF 
added about $850,000. The gifts were un- 
conditional, and the pro|tram was designed 
arid operated exclusively by the Founda- 
tion according to its usaal procedures. 
About jOO proposers competed lor approx- 
imately 60 awards. 

Other NSF/ind:]stry efforts included 
these: 

• Prtvjects in astrpnoiny, physics, hiol- 
bg>\ arid cheiriisiry will develop ap- 
proaches in using the pcisorial com- 
puter for laboratory activities such as 
sirriulatibris, ebUeetirig data, and pre- 
paring reports; 

• Several projects will develop materi- 
als and .strategies to help preeoljege 
riiath arid '.scierice teachers learri how 
to use com paters in their classrooms; 

• Robotics: corilputer-aided desigri. arid 
computer-assisted manu (act u ring are 
sbriie of the topics addressed in 18 
engineering projects: 
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'^3-2-1 ContBcf-Yoong students watch this popular chlldren's-series oh public televisidri. The show has reached some 30 rhiliibh v'evvers; 
in fiscal year 1982 prbdUctibri begah on itis fourth season. Second photo shows an interview for one of the early 3-2-1 pro€[rarns:_A 
visits with an astrbnorrier at Arecibb Observatory in Arecibo. Puerto Rico. (Pr.otoa courtesy of Children's Telc^vision 

Workshop. 1 

Other Continuing Awards 

Despite the icrniination of most education 
protiranis. .several hundred NST' projects 
eoiUihUed Under earlier f'cinding: Among 
these were hundreds ol LM\inLs U) colle^ . s 
and universities In upgrade the conierii 
arid teehriicjUes of scie nce educatioi:, pri- 
r.'iarilv at the preLH>lleiie and undergrad- 
uate levels. MiHiy invt)lved the irilrodi'c- 
tibri of new itistruiiients and com pule r 
simulation, .is well as Jocajiy originated 
currieulum and institutional changes. 

A Tew outstanding projeets *viih prior 
NSi- coniniitinent^ io; connnuc:! funding 
received monies in 1 982 Among these were 
sbriie oi exeeptibrial Signi'lCIiiiCe arid iiii- 
paei: 

• Production began t>n another season 
' the children's lele vision series "3-^-1 
ntaet.** At this writing almost M) 
.v.Mon persons have seen the .series, 
unc^ nearly a third of a million teachers 
have received special teacher's guides 
to go with the pro^.rarii. A riuriiber of 
science museums have began special 
week e rid activities to capitaji/c on the 
criihu.siasm generated hy ** 3-2-1,** arid 
the Girl Scouts of America have started 
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■ t Nj'v.v m) SCI ICS vt| l\ul;.\ ■ 'li I lio 

IM \jou- ill. Ml li) 1 lloUs.Kui 

ivl; ^ li .\ c .lU .iidcil ii) ;ii 

I iiv I )isi I i . t (. ulumhi.i aioric 

" ' • ■ jniU'.' .luicii MM II 11 1 .u"l unni: jju! 
»!^'m:.Mi i-« die ol ill..- iiu>.i iiiiporKiiU .inJ 
ii.iiiuiDL' iu"v\ iiKlusinal appli- 

. .li h'Ms lL-v. hlloi.^:- . I he \^ALC ot 

ii iiiL'c :s;is'.-il ".i \ \ c ii ) li s prohlcii : 
■ ctiL'iik'ci iMi: scfiools: ihc\ lacc- prc;it 
. ■!.! ik'iiL'cs in rv\ IS) 11 -J L-ijrriL'ul.j ami in 
vjiiii ill!' c; jiiipincii; nul -mmv ih.tl 
Mi.il^. h I Ju- sl.ilL- ol \\\r 1 [ .liui V }l.in>'es 
;i nil itisi r i.il pr.K iuc-- In I' ^J o]]^ 
Ns| pi.iiL\t IviscU .il I M\crsH\ 
'I \ If i".r.\.\ >L"i up .1 LDnsurinnii i>i 
i;i.H"f Lvii'iiicei Mil' SL-iu)i>js ui excluinL^c 
(•iiijv..iii» wKi! iii.iicrijls .iiiii coojiltmIc 
lit fniiUlini' i;p .1 core ol •:i)iiini<Mi ciir- 

• Siniil.ilK. iHu.iii oi ciMiipuiLM ilcsiiMi 
till] I Ik- iL-cIiMiqnc^ ot CtMnpiHi.-r iljs- 
pl,i\ .irc ch jni!ini^ lapidU A suhstan- 
tiat htiiiibci <«. conlii' iiii? proiL^uis 
ai:ii I.) iFaiistcr lllC■^c U-cnmqiJcs rrtnii 
i Ik- la h( m ah>r\ I" • "mc classi oiiin . Such 
.Moiis . jKual linjTorlaiicc in 
ill' ill ' >l llic intLitsi- "icrnaiinnal 
pctihtMi for j-' ulc: ip \\\ aulimiatcij 
vicsiy n aiiil iihi n ii i av. I ii r i • 

• hi :L\\iit \catv: thcic h., ^ccn f^iu- 
:';css ill a luit • >laiuii;iL" i he procL'^^ o I 
.'irU leaf iii.iv.' ar.i] cniiif^rchciision \ 
nainhci oj f oinulali.Mi [VojCC \M[\C' 



[Will c»"iL' rlU i \ c \ L'lof>niciii i [K'orics 
so thai l\]C\ he a[)phcJ l'TIccImcK 

10 tiic praciical proliicnis oi .science 
cdiicalioii, 

• While imU Mc-ccssaiil) rcccisniL' aihh- 
tional iinui' in I S i')s.\ ihc tv^ r 
K c s o a r c c v c i i ! c r s To r S l i c h cc a i lU 
I Mi: nicer I 111! con' i "ucci operations 'i-- 
L'un 111 earlier \ears I hese cc:uers arc 
at Nllaiiia I ■ lii \ er si i \ . ilie I inv'/r^iiv 
ol New McxiCti and New Mexico '^!a(c 
I ni \ n sit \ loi n I i V . the 1 ni \ crsii \ ol 
I'uerlo !<ici\ aiul ( il\ ( ■ni' ';rsil\ ol 
Ne\\ S oi k. I llC\ arc worknU' lo pro- 
Mioie parlicipalion in science aM<i 
eii^ineerin.^ h\ hinidrilie> ;ih<] per- 
sons Irolil low-incoine lanuhcs; I lie 
v.enlers sponsor a \ ariel >. of acii\ :lk ^ 

11 ■* iiiclude rcsearjfi. eldjiihcMl 

seaicli-trainilii! piopranis: sIioM 
e. ises lor iuuti school IcaclicF .iml 
stiKlcnis. aiui acti\ities al ihc lindcf- 
L-raUiialc ie\cl. l.acH is ii cenual poiiii 
'or rc._'ional groups ot scliouls and 
eoIlci:e->. and cacfi center alst> eases 
die iraiisliiuh ol its sUidejits iiiio sci- 
ence aful cni^inecrini: >tiid_\. 

^rsbh arid rnfbrmatibh 

I Mi tti keeping prior rihahcial 
Ms. [}u: I onndalioii »rks lo 
cnrale. complete, ami up-to-date 
1' .iiatlon :ri rcspuiisr (o iiiain iiiqiiirics 
>o[j[ ihe current s;alt; ot sckiicc a:kl eniJi- 



necriny. cdiicalidh iii tins auk.\ otl'jr couii- 
tries: I HCsC iilcjiiirics cdrnc frorii ijdeiah 
stale, aiul local u . ; ■ nni«.'nts; e^hu;aiional 
iMsiiiulioiis. aiid oriia*\/ai u )ns and indi. 
iials eoii.'erhed ar')i>ut f. d'acai!v>h prvd 
.jkI llteir poienliai cUccIs mi boih the 
and ^hiort iei .n 

[ he I duiidaiioii cdiiiiiiucs lo he a prm- 
Lipal resource ^\)V writers; Icpisfalvirs, plaii- 
ners. and r'.-searehers wlu) arc concerned 
sucli lv»pi'^"> as teacher shorlaues. 
iniinirit\ pa rt ici pa t urn ; stddcnl aehicv e- 
ineir,. intern. ilioiial eo.mpai i.svins. or led- 
eriil a, I re^Moiial fiiiidin^. \ Vn cxafnple. 
NSI |Ulhil^he(l "Science and l:n|zineeriri^ 
I ducalion: i)ala and j njorrnation" (an 
iip-.Taic vd I he I9S() piiihlicalioh "Serehee 
I due :lion l^atahasc"); prohahl\ the itiost 
c<Miiprehensi\e eojieclion ot" infornuilion 
ori ihi.s iojiic, I fiis new ctlition w is pre- 
pared as a special report U) the NSB ( uin- 
mission on Prccolleiie liaJucaiuin in \laih- 
emaiics. Seieiu.c. aiul lecfinolo^y. 

.SimiiarK. the loiindatinn h;iS worked 
wrih the Sa'ional C\>niinisM(in on i \eel- 
leiice iii lAlucalidn. which is exarninini' 
' verall qticslioris oi educatioiUif |Ual;;\ iii 
tills count r> . St alfiematics ami >cienL . are 
aiiidii^ Ifie prim !r\ areas oi eonceri^ sd 
this i^roup ami the National Seieiiee Boiird s 
•^ .51 ' " 'M Sa\ e comj l«''iicntar\ uik s 
ail'' I iiere fias heen clo>e I'-aisoi 

iw two; thi NSM pr nip will sii . • 

t( :"H' tins con. jc'.ion anil !o ca ' . 

i ail. recdninieiujatio.is ot the 

f \C' .iciice ». onnup ir 
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Coordinated Agenay-Wid© 




.'Sil N;rcii!';ii 111 {}](' MjtiiMj's 
ciK jii-.i . ' iPLcriiV!.' .u.t t\ ilics 
(.■\ IriiitN rui.^ ul;;..l tUs.inlincs. it 

1 ". : ciu'i iL' crib I his cii tLT| >i i sc 

'■ ("'r.^l>kins ih.il .. • ,i.r"NS nijiu iJis^ 

- ; -■!; < 'U[' '.- • < Mlh! 

• . ■ .1. vie- M 

V' : "> /■ ! ■!(! inluf jn.il Ml uf) ni.i|i 1. 

r . ■ ; : . ' s ^ I c : 1 V. L . ! I h i c n L' ; " ' ■ 
■ T^Mi lliis ifi'-.inN. N^r \ 

■ ■■ ■ ; ii i ! ' 'I 'iL-;^ ,!!)(.} ill) »ri(ics ^fi* 
:!::pk- ■ >pji' ^' III!;:' ;o limH; ;f^'. 

• ' " ■' ■ 'P)^< : ; il '1 1 1 !Ls t * T .1 i . ! llC'^ tin! 

■ i ' ■ : V] r i I p.ii c In V , k c ;t mu 

■ " ■ ! ■.■^LM : \\ 1 ipf^t M I III! '[irs 

* < ■ ''' ^ . f : f.' .1 . I ; h TMu L' h 

■■ . i; ■ I p,i I i 1 c I f ' c ' h t lic 

; ■ I ■ "I ■ ' < "U U*. I ' III S.'iLi;! I 1 



I- 



Two- anri Four-Year College 
Re<;earch Instrumentation 
Program 

I!''.' piitp.'^L .^1 lf)is proi.T.in] !s d' [iro- 
■ .*K- rcM.\i;Ji 111 st riiiHL 'it.il !.;v iiil\ 

.■■:.''■>■!> .i: .iiui u ^ L rs' : ;cs iIki; 

i.! i- . ■ '! '\ 0 ^- er\ ^n .ill | dt'Clur.il rn.i- 

;!m> I' vie 11^ -J iMil en L'l pclti II jj I lic\ 

\\ .;>k It'i iii^l r ;.::n;n'jtt' ..■l)^ti!lu iip l<> 
s;->;.:'fi I lie CO iipniciii ii;;r. .lul fi'scarch 
:\\ i.'.li'. • lij.il !:■■• '-^Ui^ip.v hiM ^>itc;i :s 
-^h ; ! '/i! . • cr .il I c irclicrs. 



I n si It 111 ions cliLii^! : fnr lt.iiUs h.!\ l' suh- 
s[.lhtial iJilllcn'raUiijlL- p \L'r;iins iii scrciicc. 
in.itiK-ni.iiiL-s. ■ . L-iiinnLXTiiiL: l>m cr;inl k'^^ci 
tli;in IV) I'll 1) 's .ti.mi.ilK iti these .^lms j n 
!|SL li \'jjr P>S2 tlic [Touriitii sUpportCLi ihc 
\^;Mk I'l sLicniists 111 f^f> uifTcfL-nt lllslltll- 
'i I ]uhl\ -iiN c ;i\\ III ds w ni.i(ic. \\ It h 
.1! vLTiiL'c sj/c nl' iihitii! sJv'Hip 

' nc I '.nM.".! number o* .i^v.t:l;^ \^L■IL■ (or 
[ L lm TL' h 111 L' he 111 I st } . M ! Ill p Ic. 
MiclMcl IV !).v\ic. NNilli.ifn S. Muiiuall. 
aiul lUliLTs ;it \1 .j^pU.in's Utipc C'tiiicee 
.tic Lisrnii ,1 i:,!' 'it'-mikiMltji"-'; ■ s_\ stem 
loi rcsearcl^ in lji:il\si', \\\\(\ laicd suH- 
lAts. I liL'ir tlc[\irtniL'iU has a sImipl: rce 
iT'! ()! irr.oUinu i ujcri:radiMic studciUs 
m hii-h-i.jLialit> rL'scarch prtijcLN Xi I urhian 
I n!\crsii\ in SiMiih ( a:i>lina Noel Kane- 
Mai^iiirc ' S. ■ r/iipL'k. ami otl'.crs arc 
.'Iso !• .-^kini' into caial> »is — lismi' a luuTcar 
' a .1 L' !ic! k' spc c t ri)Si;(>pe acq u i rCii ! "firoiip h 
I his pi > '1' I a Ml 

M t 'v!c r II I L'sLM fL i; 111 ; ' oloii\ c*\ ; l' n d s 
IriMt) ! \ In liL'lil a\ L-sf ■■!a(jOMs 

I Ills pii'L'! • lias aided hi ill It^r 
L xample. i-' • p: o\ idirlu a ^^j:h-Liualli\ Y^:' 
search microscope for jo'-u use \\\ i)ian"e 
( oj"»e i'eahoti\ ol Hridizeuater Siassaelia- 
settsj State ( olleue and Roher! H IV'ahod;. 
a! iiearf^x StonehiM ^ Ollopc Her rc'.eareli 
Is on liuiizi: ills is If: in'-' :! i^.eiietics. At 
Recti C oliei:e (OretM cr J Russell is 

a Isi > Ci a act ni n bnl ili'MLialj peMclie 

[csi:.tr<.t, lie is asit^.L jnlri.Mji^c. Iree/cr. 
iMM d I'LT eL]uipnic;M priv.idc.^ tr^MTi the 
;M-)pram to do his iCConibnlanl i>\'.A 
.1 adi' s. 

I o! "Id sliidies, III: tnaior 'iced 

is a nic .iis to lilake ■ !n\ leli:;'^'- :;;cas- 
aies it| env trcMinieiital ii.ca and &■ process 
llicin \\\ example ol tic- a ..>nu'i; - 

ind 0\\L!ei1 nie'cr use'' ic*- 1 (j''... i 

ol 'i:ni I' . < d\' h I staJic 



in adJitu)n \o iirarits tor researcii in cheni- 
istr\ and hio!o!j\. wo'-k in ahoiit a do/en 
otlicr llelds has been supported. Thev in- 
clude aslrononiv. eriLMneerinp: pcnlogv; 
pfjvsics. and ns\thtdt)^\. 

Visetinci Professorships 
for Wbrtieri 

NS! laiiMclied tlljs prtiyrahi in n>.eal 
M^SC. Its anil IS t ,> cncouraiio use of rhc 
nafitm's scieniiliL and icehnicat resources 
h\ jriCreaslML: :tie participation or\\i)rneri 
scieaUsts and cni^inecfs as visitint' pro- 
lessors at acadeniie in.siilut lops. I hih vc \t 
17 \\o!tii;n \\ere selected !or awards tfiai 
a^ crape the\ will dti research 

a'lo' leacii ill aaca'i ol . science, eiitz^r' e.mt!. 

^ itleiiiatics supportLd bv N [ re- 
s. V : , i^rarns. nic\ v\ ill also Mler ^lce; 
coLiiise!. '■■<.! .Tientorship to \\onv:n a. leir 
host jr.stitviildlis. 

I !>e backproiiruls <il diL ■. ir tid-cs are 
\aiied: 14 are iroin acadeillia. iiui tlicre is 
Mie lmlII rr(>ri nMUsirN. the lederal pin- 
eriinicnt. and pablc. ';,:iseiinis. Iwo t^fthose 
irom acadeima are lail piolcssors.' si\ are 
a^sOL ate p" Ics^i'irs. tfircc are assiitarit pro- 
! "Nsc^rs .aid diree ' c not.prolcssorial iHi-j- 

t I'Ml s 

' " H' Miner, a liill [Ho lessor ol pfivs- 
Ks.t !:ici nr. er^ !t\ ol R hode I -«!a ijd; Is .1 • 
example ''^he uiil ^pcnd ! •r>.'i!ifis at. .Nju.'.- 
i^La n Sta j e I ii!\ crsii ■. I I er • !iC \\ ill >tlld>. 
" < ' * )ir- I NLiiMiC S;atiCs ; c 

I )> n. anKs. ; i i ■ 1 1 sc. p.a : 

Cipaic ill rcsea rc ! ,i '■'.<■• t. uii h 

w omen's p roil p [mi 

\iio'h(- • •.;lo^L■^ ^1 I tier. 
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an associate professor in ihc Dcparlriiciit 
of hicciricai and C.ompulcr linjiinccring 
at the L'hivcrsit} of New fvlcxicc She will 
do research at St; iord University bri 

Time-Delay Lsiiniution Uv'ng a Modi- 
lied Adaptive Delay Algorithm/' During 
her l2-rnoj1th visiting prorcssorsHip, Hlier 
wii! also teaeh an introductory coarse in 
digital itiKnal processing, take p.>rt in under- 
graduate and gi"aduale sehiiriars, arid advise 
ferna'e s»ud(;nts on engineering careers. 

A ^i'.-rd r x-ipicnt is /»nn L. liollick, diree- 
lor o*" iriterrialibri J cbrriiijuJilics at the U.S 
bipartrncnt of State, who will spend 12 
months at the Massachusetts institute of 
Techribliigy. Hollick. whose doctoral degree 
is in political science and international rela- 
tions, will stud> ."'Planning F'oicigM I\)jic\ 
in the Area Scieriee arid Technj>logN *' 
and will give seminar and guesrleeturcs 
on__lhij; topic. \ ^ 

T.Se other m awardees, their Hclds. and 
host institutions arc as follows; 



Varoivfi AnnVave. ps\ehblbgy. St. 
Vincent College 

Si'yQfi K. Avcrv, atnit^spheric science. 
University oT C olorado :ii Boulder 

Bofinu BtmtVi' . history of science. 
N o r t h u e ^ I er n U n i \ c rsity 

Marjorie CrandalL biology, Uni versity 
of f'alifornia at Los Angeles 

LinJa A'. De^ioyer. aslronomy, Colgate 
Uriiversity 

Lynda J. Goff, biology. Brown Uni- 
versity 

Patricia A. Oowaty, i)K)iogy, Cornell 
Uriiversilv 



Caroii' t^. Jojfe, sociology. University 
of Pennsylvania 

Marian A. Lowe, chemistry. Univer- 
sity of Southern Calil'ornia 

Gftrude F. N^wnark, physics. Colum- 
bia Uriiversily 



''*«iy"9 Prof eMort. Psycho Carolyn Attr.eave (above) receives honorary degree at f ennsylvania's St. V - cent Co .ge. sne will 

Jeach and dp research. for a year Attneave. an American-Indian, Is f drt. the University of Washington in :!e Gertrude New.nark, jleftl 
i?, the only one o rhe 17 v^islting wortlen professors foM 982 who ccriies frb.n industry A senior physicist 

will CK resea'-ch if CbiurriOia Urilverslty. albrig with teaching two cburs_els and ad^visinr, v. 
Mhther^-.dtician t^a^-Sariy Ydung [righ^^ Arom Michifli- j State.UnTversli; ''iil conduct both r. tirch and 
I na usde*' her award. Fiscal year ^982 wrs the first year for this i: -orj^m: 



ips L^^'^ 'Glories Ln_fSevy_York. 
:s or ^Cii f-e arj engineering, 
■liners e\ th5 Un(ve''3ity c North 
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J'^.u/cnrf .^f A'itt'. jrLlKici>ii)y\ . [lu\- 
\ ersii V di C liic-iigo 

• Siisun Si.n'kin. ;isl roiuMii) . l;iii\crsiiv 
'.il W isCoiisi ri 

• /). )V'////.i,', HioL-ficiiiisirv. jiuiUcr 

• /.ii Suni^' >/>////^. nKiiHcniaiivJs, I'lv- 
vcrsiis <>r North Cji-oliiKj jt L'hjncI 
fiiii. 

Mthdrity Research Initiation 

I his prograiij ^i\cs research support U) 
taciiltv )ieiilhcrs \\Uo arc U.S. nationals 
aiuj iiiunhcrs ol ethnic or raciaf iiiinorif\ 
.!:roup> that fiavc 1 nv participation rii'cs in 
sCfCncc and c;;t:iiiccrin^ rcscarcii. J'top-.s- 
ais arc at^^cnlcil from chpibic rc^i ;<jChf r:. 
.ti an> I S. coHctzc or univcrsii- /'\c\ 
have Mot received prcvit^us Icderal research 
sun port as lac nil > inciiibcrs: 

\LCori.iint! it> i97«) data. V\.\cks and other 
Mi;iuirilies acctuiiUed lor less than I per 
cent ol emph)vcd ph\sical scientisls, 4.4 
pcfvciit ot iiialfieniaticai scientists, 2.S per- 
:eiit t>t life scientists, 1.3 percent of coni- 
puier specialists, and 1:9 percent of .social 
scieniists. I hrougii »Iiis - r,::ii. ihe j-ouii- 
daiii>ii coiUihiies Diie ot -i- jerieral yoals--- 
lo cnh nice resc rch f i^tTUi Mlies jri sci- 
ciKc and cntijncer.aj! (i-r niii ori:ies. 

i lie i tuiiniairon a" d 1(. ivlRI graPis 
lt>r .1 Mtal of Sl:4;^ milli;)n m \ Y I9S2. 
Mie .ncrauc award si/e w;. SX^\()0(\ 
I .\e ur.itiN v^c.it it preJoni iiiantly minor- 
IV in^iiiiM lori.s: "\ Universitv of Neu 
S ork ( ii\ C olii"' ' ViycttLMlie State I'ni- 
vcrsitv. J.tck.i.^ii Sta.^ Diliv eJ sitv , Tuskt 't 
liisiitiite, ar,d the I Miversity of PUerti) Rico, 
(hher a.va.ids Arrc niadc to .An/oiju State 
I i.ivcrsiiv. (."alir(>' na Stai .^ I ''iiiversits — Los 
\tmcL>; .lohiis Jl(\.kjns Uiiiversity. Rut 
L'crs. l nivcrsii\ of -\ri/ona. Universitv of 
( ■■■■ ^'^riiia — Riverside, Dnivcrsily of Ran- 
s.is. iiiversit\ ol Kentucky (21, I'hiver 
siiy ot Massachusetts, and ihc L'niversity 
i)t \ il >:ini 

(»Co,'ri| se\ 11 > ' Weill lb 

.oilcgcs aUk\ "i: . . II, . ic Soulh, til;.-' 

the ,.si. In;. II :;.c A csi one in lli. 
^lidue:;. aiui "fie lo '^; Universilv o! 
f'uer'o Ki. .' Arinen ler.tists g()l tv\(^ 
avvards. Hl^(\l^.c nial"^ live, and Bku:k 
ftnilCs rl.ne 

. One NiRi i^r..(jci for W 1^X2 will s^.u<]\ 
'ibw t}ie iionii <l tie\^'''>pmc'-» a- i fun iiofi 
of the visliiil svsicill c.in be n ^icvi by a 
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variety of biological or cheiiiical ageiits such 
as monosodiuMi glutamate (MSGl; cohl- 
nioiilv u.sed as a ibdd addiliye. The study 
will aiialy/e iiicasureiiieiii.s ol'cell .survival 
anJ mor:' ilogy ana of giutaillatc and 
chergv inciabolisiii. This research should 
give addiiioniil iiisighl oil key elcnienis of 
neuronal and nonncuronal interiictibris. 
Another pnycct vvill examine the gcn- 
bilingual children, 
The study will measare ciMlliilUiiiciitive anci 
MrucUiral linguistic. prollciency as v\ell a- 
fi^'i^'ral eogniiive ability in a pt)pu!arion_of 
I (X) Spanish/ HnglLsh biiiiigUal children. Re- 
sults from this project vvijj jurlhcrour nnder- 
stahding of ihe relaiionship of hilinguulisn: 
to intcllcctaal and acaderiiic perlorriiance. 

A third efiort will seek to expand cUr- 
reiu knowledge of luminescence and elce- 
Iron iransfer. Other MRI projects will 
cen'.er on a iheorelieal-physics study o\' 
e.\t)tic particles called femiions, a look al 
social interaclit)hs lii three-gcneraiionai 
Black faniiiies, a mathematics siudv ol 
representation theory, an understanding 
of nuijiir Held choices arid car':er aspira- 
tions by race and sex. and cii^velbpment of 
the spinal cord. 

Research lmpro\rement in 
Minonty ihstityttbns 

Ihc RIMI program, esi-iblishef* in i i 
!^aS2, gives support to improve i c-. 
-hviroiiriichis at pr'^Jor-iinanlly r . lU 
institutions that, b,ive gratluaie progiai'ss 
.n :,^icnce or any programs in engjneeririjz 
[giuduatj or undergraduaic j. _RJ M ' also 
responds to I::x^:ciiii vL- Order I232U, which 
di ccts ft'jerai agencies to increase .he 
ability of !iislori:-ally blaek colleg :s and 
univc ilies to p;irtiei p^Jte in fcdei ally 
sponsored prngiams. 

"Predor>?jp ir lly m.nL;rit> " instiluti )ns 
arc those wi. :e pr mary rriissioh ir- to 
educate miiuuitic- ar^d 'vhosc student eh- 
rollmenls ar -ncre than 50 percert Native 
Anicrican kaii Native, Slack. Mexi- 

AnK ; Pocrto RiCan, or other 
■ !if:ori{ics uith low paiticipation rates in 
-'Cfice iiiid erigiricLTinv!, 

Kii\:i favors proposiils ihal show how 
m insiitution can stiengthen it.i jo;ig- 
l-^^ T^l^" ^^'^^'<^P iMc resenreh capa- 
bilities of faculty and stud-Jnts in .sci<,iice 
and engineering. Special attention gocs rj 
pr<->iccts t_hai dcriibnsirate an instil 'iti ufs 
Lonimitnicn: to research iiilprover -Mii 
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tlirough both short- and long-faiigc use of 
its own resourc/s. In addition, institutions 
^»fc encouraged Iirsi ib enhance tecbnblbgy 
programs that are aiready well advanced; 
the hope is that other, jes.s-devejopcd pro- 
grariis ^vill gei indirect benefits. 

' " ^' ^ ' ' J ^ rds were made 
totaling 5908,000, for an average avvard 
si/e of S227,()00. 

^^ne project at Howard University vvijl 
strengthen its scniiet)ndUcldr research 
program, Howard is the only historically 
'"^"^.'"'^>'jT'^^'^^':'.^^n 'ji I'le United States 
that offers, a doctoral degree in electrical 
engineering.. Studies will he done to gain 
'l^''^ Kiibwiedge abo'.:t certain semic<''iduelor 
materials and their rilierbwave app^'^'ii lions. 
These materials have a higher electron mo 
hiliiy than silicon, which leads to higher 
electron velocities. Those veloeiiies vvill 
inlluence the development of faster Cv..».- 
P ^ ^.^ ^i"* ' ^ ' S lie r^ ircq u e n cy co n i m u n ica I jo n 
systems, and niore cbnipUier cbiiiplexiiy. 

Another project, at ,1acksi)ri State Uni- 
versity, v\ ill use the school s chemical-phy.sics 
- -^i^Jirih la^bbralbry to study the structure 
and '.iyn amies of molecular ioiis ai;d blHer 
unique small niojeciil r systems, Sludiii.s 
will also foe Us bri nieclianisir..^ for en':rgy 
tiair fer and charge transfer iri thin films 
and solution systems. More specifically 
researchers will Use laser-induced emissioii 
spectroscopy of gaseous ibhs 
occ-tain molecular reaction.'.. These 
' ' ' '. : " ^" ^ ' ^ e ^ Pii n tl o r u n (ie r s t a n - 
iiiL and chara<Mcri>'"«iori of irit-isiellar 

clouds Old plai , atmospheres. 

Researchers on an5)thirr project, at the 
iiivcrslty of l uerli) Rico, will use a hign- 
f^soiiilion sc..nning electron micro.scbpe 
with an en»»rgy dispersive spec' r;j;7icier, 
whirh was purchased oirbug'.i RIMI sup- 
port. They w ill look at :r vslallirie semi- 
cbndueto:s. selective surfaces, and modi- 
fied electrodes, alb hg with ah jnviron menial 
analysis on particul;,tes arid other bibl. •]- 
cal studies. 

Al Atlanta Univr."r:;::.y, resean ^efs• will 
develop anal'-'-itai and '^:i.nerical tech- 
niques cv,'i:bn clas.ses_or matn^matical 
'I'.^l ' 4' :i ! P i-; ' tl d i h g d i f re r e n ce , m a t r I X , 
singular opt! ra tor: and in» ^grO-diffcrshlial 
equatio^^ These studies v^./i be the inilia! 
P^'^^ ^<'search pr-^-arn 

111 applied mat hcni.it ics and -hysivs. Thai 
proiir.ii!! \-. ill fornuiiaie ir.i i hem t icai 
^iit>dci c^elbp couiputer sin uialion 

icciintLj ti iisc in the biological, pii>''i- 
eal. and sot:ial s':ienccs and in cngmecring: 
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Jacktpn 8tat# '^rojtct. Through the Foundatjon's RjMlj)rQararP_tRw«^^ M[ripr)tY ihsl^utjopa j , atuderita at this li niversi ^ 

a.e able to Or important molecular research In dacicson State's chemical-physics laho/atory, Here.a piofesfAOrXcentert and undertij 
student '^i .cuss use Of the putsed laser In their expet Iments: Their work will help us □■■iderstanrt more about interstellar clouds and plt.^cftary 
almost '^res. 



Experimental Pi-oorarti to 
Stimulate c^ompetltlve 

vaarch 

^ nc ni.-iis (yfthis program trc (!) to im- 
j.r-iM ,hc ''"..'^-li L^'jality ol ^cicncc and 
rrvint'-jfirij: in parlicipiUing stiiics arid [2] 
U) in (Oa.se the ability of researcHcrs in those 
siatj.s LiMVipctc successfully lor federal 
rcsca-^^.h liinds trirciugh the p^er-fevicw pro- 
ce ^; I ir: progra:n is entering the third year 
M t lUc-ycar rcsta.» fi iniprdvenicnt erforl 
in M' c stales; Nioninna. West Virginia. 
S -uth (."ar(>lin:r. M.!:nc. a'ld '.rkansas. 
Resuil^ inclutk- thc^e; 

• recruiinicril :iT the science and eh^'i- 
rieermc r:iea:t;. i-^ participating insti- 
tutions has i\\'\^r ve'' -or example, 
ihe I hivei-sitN /, -;.n Carolina has 
hirr'! 'hrce neu ; ;ci.'- ;;.cnibers. :n- 
^■i) !ir.\i a .\i'U\\ svnthciic iirLMiiic chen- 
i^i and aij . Ma>'ij.--; , I- no vri 

!rotll > .:«y. Th .irji ^c^c.-i.c^ 



program at the t iiiverr^lty ol' Maiiie 
has .attracted lv*-o natioivtliy .known 
earth scieritist'> to its slalf has 
caused an increase in the nuniher of 
scientists seeking cooperative rt'iearch 
cilbrls with the liriivcrsiiy in A:.pa!a- 
chiah geology: 

The. interaction between scieniists »«nd 
eiigin::ers in participating sta. arrl 
thei*^ nationally known peers has 'n- 
creas( markedly. The Souih Carolina 
Advisory Committee, for instance, lias 
Lised about 125 natjonally recognized 
rc^c TL tiers to help s'^Icct targeted ois- 
Li! irid facullv West Virginia is 

oHerinu its participants nlinisi'^batlcals 
that let them work up to on** ^rjonl'i a 
year outside [he university More than 
^0 well-kriowh researchers visited Mon- 
tana to vvo:k with faculty and present 
•seminars during ihe r+isl year. 

The inc^jviduals Involved are getting 
more rjct^gnilion ior their irk. and 



their research productivily has gone 
' up. For example, a Maine scientist 
has developed an innovative method- — 
one much more sensitive than conven- 
tional techniques — to measure nitrates 
in seawater. 

• Basic research has taken on greater 
irrportancc. and ihc research "spirit** 
is higher than ever in the pariicipa- 
* ting States: 

jhternatldnii^l Cduhcil of 
^oiertlflc Unions 

The F-OLinduiion sufiports the participa- 
tion of the U.S. scientific c ^m-i unity in 
international vOOpHcrutive uclivitjcs through 
the I niernalio nal Cduricil oT Scientific 
Unions. !CSU spoiisors eongrc:s"»es ind 
ryniposia. publishes data i'nc^ inform » 
tion. establishes ry )menelaiure and other 
standards. Organ i/es sUnir>ler schools and 
training programs, proniole.s contact wjth 
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dc\'rj()ptng toiintrics; and develops rhuUi- 
discipjiriar> research pro^rarns. Kaiiging 
Troni earth arid space sciences through phys- 
ics. chenii.Mrv: matheniuiics; erivirorimental 
research. .i;.d I he many fields oj' ihe life 
sciCMiCes. Ihese ICSU activities Invbjvc 
t'lousands oi" scierili<is in more than a 
hiiridred iiations 

/Xtniosphch. I, Ji si'.nlies have ad- 
\ar-.ccd mjr k:, Jrre it the physical 
prt)ccsscs oj' luc crc. as wejj as 

-MHs and atmos- 
i iicrc I he inlorin ii joii collected from 
IC SI prt)tirarns. inchidin^ ocean monitor- 
(irii, vvill he used to improve the validity 
til 'vcjlhcr li>icv:rNls on li longer-range basis. 
I( SI; rcprcscniatuc- tlsi; helped rcfocas 
III'-* ^^'^""'^^ (. li.-iuUe !*ri)^ram lo H>'i^iight 
climate issue, m icrrlis of food, water, 
CI icr.tz> predi' !ahijiiv. and hunian influ- 
cMccs. i.rcluding carlMiii dioxide. 

A 'r.,:n)r ;K j\ it\ tiuriht! ific pa^' yciir was 
a liloh.ii rcv cv <\\ research and de\elop- 
iiierit oil l;re disposal orhr^h-level niuclear 
sv.:sie t)M larul aiid sea. \i the urging of 
x.iiltk;' r cherr.sis; an iiiicriialional con- 
icrerirj prci^rarn n;:s inaucu rated to locus 
ll'c results o; . Memiciil research applied to 
Aorlti needs. A r- addressed included 
. liter. Kit;\c"- lo pelroleuni. work' food sup- 
[ lics; lii:..rc snUrics 4>i" t)riii»riic raw niaie- 
M iK. .Mul oc'^Mri r-'jso'irces; 

\ riiajo. s)li'I\ of : lithosphcTe vvas 
l;itirjched. It fociiscs tir. »iic applicalion of" 
;^i o!oiji';:d scr-.'jiee> loua.d developing huri- 
x-Tjl ..ia'j v;iier_i:\ resDrrecs. ''cdiJcint' iijolo- 
ptcal li.i,.ird'.. ;iiHl pr^- r^ , r, e llie envi- 
ri.tnineiii Ouniivj I9S^: ;h. v)hser\ alioh.il 
[ili.tNe oi ific S-'iar VjjxrniJiP Se^ir look 
pi ue and ci hipilatit)!! ol ia coniin led. 
\Nv^ Ik'l'uii '.vere ,i n ii ; ' : . \;ir> cClehrations 
ol tlic Polar Vc.irs :iiul the 1 niernalronal 

^ ''""'^'^^"'''^ i' l'^''.'^- ;*- "*P^ workshop 
.m.il\/ei] uiif)iihlished dat;j Iroiti huiliiship 
rL-sLMTv ' iiNcs makinjj hn logical i' \cs(i- 
p;i(u>ns Muiriiic systems .. id sh^ek> m 
\mIj clic.i 

Alan T. V/aternian Award 

I his award reci)hiij/:' ar. oLiistandil;p 
wniiie person in iw .ore.ff ii oi" m 
Iri ;i'.Ufiil )\\ U) a h^- iiai 'l.c recipic, , l- 
^cjvc^ a e.- uii .^i" in S.^O. ()()() per year 
(or a niavinuini of ihr ee > ears Candidates 
l\>r the ii^<ar-il riui-^iPre I '.S.'fiti/cr;:. 35 >i;ars 
ol a.i^c or \ouncer; i)r not nloa- iljah live 
\e.irs hoNoml rcvXApl oj" ihf doctoral dc- 
liree oM l)L\cnily!:r .^1 ol" the \e;'.r thev are 




Axel j)f the_Cpiumbla I'nlverslty Institute of 
Cancer Research, is the seventh recipient of 
this annual Fduhdation honor. Axel's novel 
riiethods of irilroducirig genes Into riiarnrnaijan 
ceils are speegL^ In the field 

o_f_genf_,*ic enofneering The award, named 
for NSF's firsy 'director, will further the work 
of Axel's labpraibry. 



noniinalcd. I!rv^,;,.is,s is o.) a candidate's 
record ol" cotnpieted. high-quajjty . inno- 
vative researcli"-w tirk Ihj: ■ ho w.s r.ul- 
standtnj; eapaoiliiy and ex 'ptuihal prt)- 
"^'^^ lor making si^nji"!^ i achievements 
:n the future. 

Seven perst);;s tij\.' received this award: 
P'-o nialherp -lie ans, two physicists: one 
[....cohrologist. oht ;heniisi, and one hiol- 
ogist. The sevi^ntl . cipicnt, Kich.rd A.xel 
of ('^-iluriibia Ur'.ivjrsi-y. was honored in 
\^)Xz I'l: devising a iiMvel procedure to 
"itrodi'-j. genes iVi^ni \irlir!'.i;' v. \y .source 
into iTianinialian cc^ls. (iene transfer now 



ts to/irialy/e the niech 
le e?/pri:ssion in ar? i 



regulating gene e?jpri:ssion in ar? appri 
priale cellnlar envvroiinienl. This iniv.'- nii- 
tion is *i prerecjtiisiu- to a rational approach 
toward gene therapy; 

One of the major unsolve<' prohlenis oi" 
^j^^l^^?>. l^^^. ni^i^Hariishi ofgen';- 
coniii)lled dilTerenlialljii — that is. how a 



' V\ ..!C tr* i y :\] cv»_f. c.iri gi> c f,. (., ,''r\ 

indi- .o'l'iU w.Jh spcci;s <-ed iivfj- h . .'•. e. 
muscie, arid » !ney cr ' ^- know ih;it 
'^^^J?^^.'"_^^^'^ I l>>cr ■ ^•!'MS identical, 
so the critical u'jf.-irior' «;'is: How arc 
some gene.s lurned on c« off in some cells 
^^^^^ gf les are uirned, on or off in 
other cells? Thr; advent of DNA recdmbi- 
riarit technoiogy ajjo .vs t'tc preparation of 
^.^''Se 9"^"^'^ iro'yled genes and an 

^examination of their strU.jures, The tech- 
nology permits analysis of DNA that 
fcgulale.i gene.s— i.e.. iurns them on or off. 

Axel analyzed gene regulai ibh by intro- 
ducmg L^NA into mammalian cells. He 
Iheri observed how it functioned — that is, 
how DNA was expressed. This approach 
has been of such great value that some 
scientists jrc using it to study the trans- 
formation of cancer cells, how virus<*s in- 
fect cells, and w hat regulates the inimurie 
respoase in other cells. Axel Is applying 
the techniques of recomhiriahi DNA tech- 
nology to an understanding of how the 
nervous system is organi/cd and how this 
organi/aUori is fc''0onsihlc for f^n era ling 
very simple hehaviors; 

Other Awards 

The hpundajion ulso gives a Distin- 
gujshed Puhlic Service .Award and a Meri- 
torious Puhlic Service Award. Iri fiscal 
yciir 1982 these honors went to William T; 
Ciolderi and Hwaugh <"»elds. rcspcctivel>. 

Since i"^ Irumat. Adhiiriistratiori, 
Golden has advised the U.S, government 
t^ri scicrice activities, and he has long heen 
a leading advocate of a strtnig scicricc ad- 

^cr to the President. \V hen the Founda- 
liori was created, he had a role in dcler- 
minirjg its future programs arid direction, 
ihrorjgh his advice and ».<"i. sel with the 
L .S. hud pel director iioKJcn's rccom- 
nieridaiion that Alari U'atcrhian he iianied 
the first head of N.Sh was ii: ♦^i<'»^:i;il and 
pei^'ips decisive, 

C"oldcn has served iri 'riiariS' puhlic arid 
private capacities to advance the pnrs 
ol scicrilific learning, l or cxanipic. he 
heen a hoiird niciliber o\' the Ahicricari 
socialipfl i'gr the Adxancement of Scie 
siricc 1969. He is an cdiU)r t)i" .S'r/i'mr yf^yv-/" 
lo the Vresictehh the reflections of ei 
iornicr science advisers to the i'xeciitive 

liwangh l ields has liatl :i distinguislictl 
career as a inathemattcian; educator: and 
adriiiriisirator. Over the past 10 years she 
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Other BWBTt* jvjnners. William T GoLden (LejtL Has advised the U.S. gbvernmelit dh science matters sinci the Traman Administration. A 
prdmirr^n^ z^vo^.^Xe scientific learning, he received the Foundation^ Distingulsho ; ^'ubllc Service Awtrd tcr fiscal year 19c2 (pho*o« 

by Gg'. ir^i !^ S"ccnd photo. John 3: SJaughter: NSF Director until October I982_.pxes_ei_!ts the MerH^^^^^^^ to mathe 

maticiar^ -.t.. - :r Ewaugh Fields. She has t^een a leader over the past .0 years in the i-oundation's effc s to increase the r.u Tiber of 

mmoitt.t:^ ' tf .>men in science and technoidgy. 



Ii.is pLi\c ' I key i lacrship role iri the 
I oiiiid.ttuv, s dlorts to iiKTciisc the rluiti- 
her tii" niinoritics virui uniiien it^ scienti!.e 
.iiui tociiiiicai c.irccrs. 

Nnu .1 dr lu at the l.'hiversil} oj" the 
Distnci - .! C i"piiinihi;i: I leliJs has serv'^»d the 
j tnnuiatKni in inany ua\ s. \ or ex inij^le 
irt>ni 1977 \o she ehai'ed ilie NSf" 

Advisorv ( oinitiiitec lor Mif.v/rU V IVograms 
in Seicnce l.duealit^i;. l icids is the 
{ Dn^nii 'co on <'*pj)ortLinities in Sei- 

cilCo an IechfU)logy: I he t):S. C '.ai'.ress 
sci uj) ihis izroiip in 1980 to advise i'nSI- s 
director on polKV and prograhl corieerns 
iii^t^hini: ininnruies am] uonien. 

NSF^Pianning and 
Evaluation 

Plahriihii at NSI" is a cy-hca! prorcs? 
thai devciops. eoileets. and uses inrornia- 
on tfie ageriey's goals. ^'trUclure. Cui- 
;^iU iietiviiies. eoilsirainfs; and ni.' . Jales. 
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T'.iis ihrorniation eriahles the I-'oundation 
ti) set priorities; plan p/ograni aetivilies, 
identiiy stalT and support needs, and deal 
with major poliey issues. 

T o supplement the extensive anaKsis done 
hv in^./Liso slaii. the nro^i am supports a 
small nuiiiher orextrah- .ral slijdies. In 1982 
these stiiciics I'oeuscd on the f'ol'owing ;»reas: 

• Research price indexes in (Jiliercni aea- 
demie disc:p''nt^s. lo prorliijtc [inder- 
standing ol the aei \<i\ eost:> of st'.en- 
lifie research. 

• Carhon dioxide in Ihetalmospherc. 

• A key word the," 'L.- us for icsearch pvc- 
posals. 

• Liarly identiPcation ■ <:r\i:-^\nii Held;. 
oT scicttli''/ inquiry: 

• I':c iieei- .of large-.sc\<le \ ot'ipuii'* '* 
rcsc i .L • »■ s^»: r>.)rt scUMlifiL '.. .tiirch. 

• Scier • • ih«, htcrhat' jvil : .i.irig 

• lnstrGn,?''*.aiion ' r Tu'tus m the 
plant seiLr.«>:s 



Folic i"-' ' s ;'ev ''undif'g a''fi pcr- 
i'^rman''^' ol ... lOi ^fie .lOtivitic :r- i:fe ir- 
titiuihg ebhcern to NSi'-. l:\nmpii s o; .-i^eh 
issues include the .illo.'aM. :>! support 
among - escarch • .is: how sci'-(ice trid 
erigirieeririg i elate io aehieviii^' national 
goals; more eiieelive ways to suppv-rl sc'- 
ence and engineering: the ecbriok^ic arid 
it)eial c(.risequeriees ot that support; v^ays 
to develop the nation's technology poten- 
ti ': and opportunities ft/r. and coristrairi^" 
oil, the dcvclopmeht of tccrinica! Held^ 

An important pianning function is lo 
give suhsiantivc sups or i to certain coiii ■ 
n. ♦•••es ard special roups serving the 
N 't^(Mial Scier^cc Board. NSi 's poHcy- 
ma;i.i^'ji body In this ctMinectiori the fi^i 
lov ifjg work fi ts hecii d nc. 

^ 'Manning and I'olicN v viniiiiillec — The 
NSH f'iann' p arv^ !'oiicy Conimit.lec 
reported on its acini. les irtMi. May 
19SI U) " 19S'' ihis TLpori :< 
inSii uiiier* • ^ .ai::.!l'.; the coiiiHUlt';c*> 
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.iiul u> i.iisL' stiiitci'ic ivsuCs; 

• MiMoru.iih lii.K-k ( olkii^s ,iiul [ ni- 
\LisitiL-s \ icpori callcil Rl-sonrn-s 
A/^/'/for/.'/zi;' Si H'nrifn \vn\lriv\ ai Vn - 
iii'tiunaniU filuck i\>Ui'\:t'\ and I ni- 
\x'r\)i)v\ icsponU-; (i) iiic PrcMtloiii's 
I \CliiIivl' Onler n! SojjtC'iuliCr h^SI. 
I h.ii oidci iiKivic A coininiiinciii lo 
sirciiL'ihcii ilu- ^.Mfi.ilnliiiL-s hiviiwi- 

I iu- u-piMi licuiils overall Il'vcIs 
r^-itj.tl iiiihliiii.' lo \\):' (ML'iKMriiiKiniK 

[vi 1 1 u. 11 l.ii i.-mp!i.iMs r>n ihcii •■cicncc 
v;i:'ii)i.-jf ii'L' iL'tiv iiics, II covers 
•oMcl * li lit] I II i . cMlN i roiii li lea! 
■ ii s Mo » '^Mi .iiui L'lv L-s ml oMp.i- 
■. .■■•:;[ I Ik- [ii;;nt>c: ol r i . i J ; i a I c 
kIcMN \V\\k\ lull-tJijic I \^:u\\\ 111 sci- 
^iK c aju! L-nt'inccniiii. I !il' r effort !si> 
iias iiuiivuiiial prolllcs o| tcJcTal luni.!- 
iii;.' al LM'.li ot tlu; iiisl iliiiiotis. alo:iL' 
^vijli mloriiiaiioii ahtuii ilu'ir sCiCii- 
1:1k aiuj . I i. jcri iiL' pcrsomu-! h\ 

• Minor It!'. , ami \'\ onicii m S^i- 
ciiLf aiui I npi|-,c-"; jrii! — I lie fi-. iu.a- 
.ion \\As a <joi!li:iiiini! initrcsi in ! ,.ii; 
i-.-^tuiucs. inclinlitiL: Uk' role ol tiniion- 
.iMil \\(M!ieii Hi sliOik-c ainl chLii- 
iiL-ciiMir. j.: aJuKior. lo ihc sliulv on 
f r v-uoin I ti.i hi i \ (^Licl\ l oIIcl'cs ami 
li in w-tMUCs; NSf lui V :j nai V /cd i lu" 



ic-.potisc io a nc\s prot:ram of \ isiinii: 
pi I >lc^M>rs[li ps u diiicii. 
• Xiiiiiial Hoard P- iiori — I liu 1 (Uir- 
tccnili Annual Rcp^' ' ol' tfic Natioiial 
Scicnci' Board. / - ' \il \ - f fhiu\i r\ 
Rclii! ion\hip\: Mvths. RValiiics, and 
Pf'fi'nri'ah: uas sc-iil to ihe I'rcsidctil 
and pLililishcd Several sUidics ol iini- 
« L-rsii \ - I ndust r\ rcscarcfi intcracnoris 
coininissioried lo priuidc hack- 
le n^and mioriiialion lor i liis icpori 
Iiicm; studies arc Hcinp made a^aii- 
ahio as a sC-paratc pUhlicathui dl' (lie 
NaihMiai Science Hoaid. 

I Palliation studies tjue the NSf direc- 
liM liilor liialioii on die eiiectKeiiess ol niaioi 
1 oaiulaiioii prour 'm-. and tin- Uii •v\i[\ ol 
llieauard process rhe> lorni .oe '-..sis ol 
Ills nvcTsj_L!ht respohsihilities in ih- area-« 
and pioP ieie iJi ouiuhs ork for hijdpetar^ or 
police ^leeiMons, Pn^urani aki.itions are 
\lesj_i.' hcd ihiernall\ hul ohen carried out 
MP ei Mil I actors. 

ii! S<;nienihrr 1^^N(). (],<: S^'iiate \['[Mo^ 
piiatiohs oinniittee direeied SSI "to 
si-Liirea third p.ni> to develop a hlctliod- 
oloL -, lor post rese.ir^ii e^ a luaj ion T scicu- 
lihc icseareh endear )rs " In rrspiuise. 
NSt eoniracied vsnli tfie Nauon.ji Acad 
.■in\ Seicnecs. ■■ ^u^lIesled h> die Senate. 
\h \ AS rc[ior; on e^alualion methods was 
sent to I nc Appropnaiuuis CDninlitiee m 
Marcf^ 'Os;. j fic uv\l step in thiseflorl i-. 
ari itioii 'o\ SS\ s eliL-mistrv prt>uram 



Science and Terhriblbgy 
Reports 

I He I dimdation is . eejuircd by lau to 
prepare se\eral reports for ije C oni:ress. 
i^N.o of these are ree|Liired h\ tfie S • ;icc 
and I eelinoloi:\ j'lHi^ " . ( )ri:ani/aii* >, .aid 
friontics Ai.-l of '■:'i>lic I aw^U 

In conipi; inu uii act; NSf- did iHc 

idliovN inu; 

• In i^JN^ (fie director lr:!lis- 
m 1 1 ' ■ / V r- )\'cjr Ouilook on 
S. 'i , i'ihnoli'iiw lOSl to the 
( o;: is ri; port dcsc rifles tfic 
[loieii; .» .1.1. pact of efe\ eh>pmenN m 
science and iecfinolog\ on pro!' as 
ol' national Ci^iicclM vUCt llic in:*.; \c 
\ ears, 

• 111 April i lie f' resident transniineii 
lo ( oiiL'ress tfie Annmrl ^Saeful' and 
I i\hn()l())i\ r<cptiri fo ihi' C'an^rcss, 
/W/. a cdhiprchciisive sliiicment of 
the Adjuinistraiion's n;nK)naI science 
and leciinolog> pol.iev. In helping the 
f^rcsident \ Office of" Science and Icch- 
noloc> [\)lic\ prepare iliis report. NS! 
coiueiiefi 1 sciLs (>(' panels i(V'j\plore 

^ nrreni and eiiiergiiiL! issues. I he panel 
dehherations a'e s[jiuiiiari/ed ir. ei^hi 
uorkin^ pa{^'."-s. as-.enihled ill Ijner^ini^ 
Umu's in SVu'nVt and IVchnolo^y. l-)Sf: 
. ] ( 'h'lp-'ndiWn (}f ^\'(>rk>n^ Papers for 
f.hc \aii<>na/ S(,,nii' /oundaiion. 
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Ocean Drilling 




The vc.tr iVMf vviis U - p . i . j I 

iMic !'! t)cL\in dnjjin^. NSi s n^ v. |. 
[turned Orricc of Scicnhtic Ooc 
Pniiinc Del jiiiv coniinucd to man;.,. I 'r.c 
Deep Sc.i Orillinii Project but also btuar) 
to toUis or a lorig-tcrrh Advanced Ocean 
DriliiiiL: Program; with plans \o use thj 
i^in cmment-ov^ ned vessel E:<p!orer. 

Dee p Sea Drilling Project 

7 lit; HKijOr purposL -.tf this project i^- . 
evpKne the oecan ^irhr.sphere h\ rheaiis of 
Mihhofioni eorinjz. 7 accomplish Ihect .- 
ir.L' program. ?he drilling vessel Cion'cf 
C hiillengtT M J , <:oniniissK)ned in 1968. As 
o\ AuL-Liv. i9.S^, a total ot holes hat'^ 
heen drilled at 5S ? sites on 87 cruises in ill 
the ^vt ric s major ocean basins Scieritinc 
pl.iiinirit: IS man.iged ! > the Ji^nt Ocean- 
TLTaphic Instiruti.^as. Inc.. with advice fiom 
s^ieriunc Lomnirtees and panels oi the Join* 
Oceanographic 'n^-niu'ions for Deep h.Ttfi 
SarlipJiliL' he S.ripps Instcntion orCctan- 
OL" iphv IS the r rtme coii r; ctor I'-rscieri* 
ill oper..'iK-fi ol the proj^'et. 

'"even iddt; pjj^e d"rinL l'sc:ii 

i9.s. -K, <f . : jnvol\ed the cohipi-s: 
iion o! >^can crua firg 83j. the ceolot'v 
«>I liv« ii rgins ^.id associat.'d denosits 
» ■(■ met' anr ,\ts ,.i in atcr :jlled clathr:'tes 
leg .S4). ; nd if c inlerpret iiion of" pahroer. 
V ironfichis jle^ N5). 

^^Iie leg rv:scarchers. uoi-kirig in the 
J. - ^rji equajoriijl Pafific. went »o u total 
de, ;h of I .}50 meicr s below the sc ^ flcor. 
or 1.075.5 mciTs uv:, bascnicn.'. Thc\ pc-iic 
traicd aim ist twice as deep as ever before 
iMit» oceanic ci-'isi. doing an extensive set 
- i geophvs'cal evperinicnt.* 

1 he mai'H purpose oi th ■ Jeep pe.icira- 
tiDf-, uiis to icst .ir -.'lie nio.iel pre- 
.H)Lisi\ -^lablishci:) <•> . j. Oi'TiioIitcs vire 
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teg 83 orR. Researche.s lookingintojhe comppsitior. jf ocean cru-^ deepened drill hole 
504-P .o *ne Cosia Rica_F^tt area. They sampled layers of vSmous types of ocean cru§t §een 
:,_ci_e__{DLkei:_ oahbro. brecchias. and chert are types u. rock: pillows r?nd flows are iova 
formations - ^ the point beneath the ocean floor where_a seismic iransition marks a 
Change frorr . .^ean crust to mantle.) Lrc e*^ oenelrated almost tw.ce as deep as ever 
^^^o^e~ 1,350 meters below t^^c sea floot 



kivcrs interpreted to repi-esen* sections of 
oceanic. crust generated at midoceah 
'Jt^i^e* spreading centers: these sections have 
been att'iched io land during collisions of 
plates ;js they move over the earth's surface, 
Thj recovered core shoAcd interesting 
comp -.risons with llle ophioli'.c lanij model. 
connrnMng._ for '•xample. thiu tKe Qppcr 
MruciLire of dphibliles is found in ocean 
-^'□st; Hovvever. there were also differerces. 
For one ''.i.ig. the ophiolite rocks {• u id 
d.. iand geiierally reequilibrate under :c.v 
tain temperature conditions. But leg 83 
basalts display, only partial recrystalliza- 
»iori. shdi>i;ig ihey have rioi reached equi- 
librium: Aiso; ieg 83 rocks do not progres- 
sivcK grade d iw.^ward into increasing^; 
highci- Icriiperaturt rocks, Some of the 



lowest tempcrature-ahc'iation m nerals 
iind least-altered rocks are found m the 
de/'pcst cores; 

tarlier work, during legs 69 and 70: had 
discovered an u rider pressL red 'iquiTer in 
one hole: hcg 83 scientists vei-ilied that 
this aquifer was local etj "t the has. of the 
poidus ba.salt flows and was still drawing 
occan-boti' waier downv; .rd into. the 
ocean cri!>i I'vo y^ars later. b\er the two- 
>eiir jDeridd, IH*: rau :?f dt wnnow slowed 
from 6;G{X) to 1,500 liters per hour, jfip- 
prbsimatcly 5dx lO*. \i!ot:ram v^f seawiuer 
were di-awri into the c. !st m those two 
\ jrs. 



...See t;lhle4 fi,r h.jUjcl ili!c'riTi;ijiiV 

r:)riliiiig 
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Diiriliti leu S4. the C7/o//('//i,'£'r drilled I 1 
holcN ai M\ sites in the Middle /XnieriCii 
rrerjcti oW C osta Riea. and C.jualeinaia. 
The hiait)r purpose of this drilling was to 
Ntrenirthen the r c iweeh onshort arid off- 
Nhi)re izeologv. Prinie_ ohjeelives were (Ij to 
estahlish tlie age and strueture of llie eon- 
iincfital rrartievvork that forms the lli/ui- 
vvarii slope of the treneh olV Cjualernala, and 
\2] !<> studv the origin and oeeurrence ol'gas 
hvdrate in the marine ei.riroflhlent. 

At it)ijr sites where slopt .>edinients were 
penetrated, the hasernenl seems to be see- 
tions of an tiphiohie. The upper sUrfaeeof 
the basement is eovereo by slope sedi- 
liientN ranging irt)ni perhaps Crelaeeous 
to earU Ntioeehe in age. kcsearLhers loUrid 
no age progression of vounger material at 
the base lo older at the lop oi the slope, as 
oecnrs otT the coast of Mexico. Thus it 
appears thai teetonicallv disrupted ophiolitic 
rock lies under the Ciuatemajan margin. 

.A sceoful . .peet ot" leg 84 drilling was ib 
stuJv natural gas hydrates called clathrates: 
Miese are compounds oi "water and !ighl 
hyjfocarboi; gases, maihiy meihane. At 
lov\ temperatures and high pressures (oce:s 1- 
b o 1 1 o ni e o n d 1 1 1 o n s j . i h e y a re e h e m i f. a. 1 1 } 
stable solids. Their physical appear;i.ice is 
hke tint ol icc; when confining pressure is 
reriioved — such as when i hey are brought 
to the : iJrtace in cores—the clathralcs fiz- 
zle as tliev break down chemically and yield 
the bound gases. .At room temperatures 
ahi! Pressure, these ieclike siruetures hieit 
lo re.-idual water while yielding manv 
hundreiis ot" limes their volume in g.is. 

Ah importaril tlrid was a layer b'' mas- 
sive, while, largely methane hydrate approx- 
imale|\ ihree mc* rs thick. Samples of 
lli!^ have been pre served li^r kihbratory 
siiiciv; Downhole logs corilain the first 
lienninsiri'ted log response of cored gas 
H> Urates in v)eeahie scdimeni: they alsb pro- 
vidc th:* first hi ;mi/ mev'saremenis of the 
st)nic veiocity and density oT those hydrates. 

I, eg S5 addressed the inlcinlay of three 
fundamental tacti^rs and ho« they have 
shaped the history i^f deposits in the easl- 
crii and cehiral Pacilic: (I) leclonies and 
the spreading sea i]oor. [2] biological pro- 
ductivity, and (3j ehiinges in oceanographic 
ebhditibh.s thrbughbul the water column. 

All of the sites drilled on the Pacific Plate 
l^!*^?^ 'migrated from reialively shallow 
(3,(K)()-liieterl depths in the eastern PaciHc. 
south Oi the cqGalor. to deeper (4,000 to 
6 (MVj-nielerj. more v^estcrn locations at or 
nbrih of irie equal or. The most striking 



factor aifecling: ihcse sites is the strong east- 
west productivity gradient. At the casterri 
sites sedimctnation arid accumuiatibri rates 
arc extrcmciy high (often more than 50 
i^icters pei" millibii years), vviih the rates 
decreasing to the west. This gfadicnl is 
especially strong during the mid-Miocene 
to early I-^lioceric. It is dbminaled by the 
prodaeiiim oi' siliceous rilicrbfbssils [Mibstly 
diatoms) in the cast. 



Though it is less pfbhbuheed 'hari the 
cast-west gradient, there is a jatitodinai 
ehaiigc in the dcpositional environment, 
Scdinlcritatibfl rates decrease northward 
away from the equator: The most pro- 
nounced gradient is found in the early 
Miocehe: this is ebrisis'ehl with previbus 
compilations of equatorial Pacific sedi- 
mentation patterns. 

Temporal varialibris i. nru' ilv, di' - 




Qlieimir Ch«ll«ng«r. Researchers are Uiilng this vessel for subbottbrri coring In the Du_ap 
Sea_ Drilling Project^ which has drilled In all the world's major o :ean basins. There were 
seven research trips, or legs, in fiscal y.'^ar 1982. 
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Clathratea. teg 84 drilk . brought up these samples of a massive natural gas Hydrate, or 
clathrate. found riea«' Cbstii Rica arid Guateriiaia. These compounds oj waler and Jight 
bydrdcarbbn gases look like 'ce, but aj room Jemperatjjr^^ pressure they expand, melt, 
and yield many hundreds of Ume? their volume in gas (mainly methane): Ocean drillers were 
able to get ke« onsite measurement? o the sonic velocity and density cf these important 
haiufal resources. 



^oIiiiio;j. ;iiul ticcp-sca c:^-sioii arc smdcf- 
iinposctl ijf^oii these ni iinr lactors. I nr 
c\aiiiplc. ihajtjr shili in the iiatiire tit 
carhonale d.*posiiit)n at the niiddle-laie 
Nlioeene bt)uiiuar\ oeuurs at three o\' the 
sites ttrilled. Material i)lderthah late Mio- 
eciie has a relatively ei)nst;iiU high earbtinate 
LtHiient. v\hereas material deposited alter 
illc fiiidUle Mioeelle tlUetualcs betueeMi higii 
iiuJ \o\\ earbt)nate content. Assv.eialed vvilh 
Jii'- shilt from earhonale-siliea c\eles to 
high Carbonate sedihlciits arc sigiiifiearlt 



changes n!iy>v ai aftl magnetic proper- 
ties {.){' the sediment. 1'hi'; shift has been 
aiiribLite'il to worldwide ebblihg and lo a 
change IVoni an Atlantic to a PacHc sink 
lor siiica. 

A se'coiul e'xahiple is the (Kcurrerice of 
hiatuses or intervals of greatly rednced 
sedimeriation. O: ueh hiatus ^or ' -'-'^ 
^\iih the Hocerie Uiigbcenc boundary, 
has been as.sociated w ith the separation o\' 
Anlaret'ca from Australia and wiih en- 
hanced libiiorii-watcr circulatioh resuUing 



from Antarctic glaciation. Other iiUervais 
. were louiid iit the Oligoceiie Miocciie. in 
the middle part of the lower \tiocciic. and 
in the earK late iMiovenc. 

A riiosl iniriguirig result of leg S.^ dril- 
ling i.s the possibililN of seisniicallv t' iiciiig 
the middle late Miticene bound.. :> • 'mcIi 
greatly affected much of the cerii jii;.- 
torial Pacific: The [inplicaiioiis of this uoik 
for palcoceanography are item em' us. 

Advanced Ocean Drillihg 
Program 

In the past fiscal sear, the Ofilce o! 
Scichtific Oct">h Drilliiig presentetl to the 
National Scimce Board plans tor a suc- 
cessor program to the peep-Sea Drilling 
l^roject — the Advanced Ocean I/riiling Pvo- 
giam. 1 lie ho,,rd endorsed the idea ih;it 
scientific ocean drilling w ill continue to he 
a key part n\' future basic reseUich in the 
eariri and ocean scie. ices, and it reconi- 
riierided cojuersidn of li iiovcrnment- 
CAMied t iplorer to a dl"llliiig ship. 

Cur rent plans call for possrbic con\er- 
sitHl of the Explorer during liscai yv.ars 
198.^ and 1984; with a drilling prograili to 
begin in 11 sea I v ear 1986. The Explorer also 
pj-ornises a longer life for the needs of tiic 
scientific ommuniiy and drilling capabili- 
ties beyond those of the Challenger. 

f inally, ari impdrlani aspect of this dril- 
ling prtigraiTi is expan iion of the iriterria- 
lional pariieipalion thi»t has proven so suc- 
cessful for the [)eep-y.a D.illing Project. 
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Nauonal Science Board Members and NSF Staff 
[Fiscal Year 1982) 



N \ TIONAJ- S( IKN( F: BOARD 



R.iMiioiul [ Ht^pltriiijiori. ^ tct''Prest(h'nt far Research ami be\elopment\ 

[ \co I .ibt>r.iiorics. Inc , _i;>vo Park, I xctcr. Nc\^ Hampshire 
I M ( ookc; ./V<'v///<v7/; National Action C ouncil for Minorities in 

- I npinccrirli:. Inc.. Ncu ^ ork, Ncu York 

Hcrhcrt I),JK)aii. ir/a'^CTirnr^ff^f^ Science Board). Chairman. 

i)oaii Asst>cialcs. Nlidland. Nlichi^an 
John K ) \o^\\css. Presidem: Association of ACadcriliC Health C enters, 
.. U asbiii^ttiii; D C 

^N.illiain \ Huc^. }r : Profes\or of Agrnn(>rTi\ am! Deputy i'Ur-Presicfeni 
- 'j'Hi /)<7/^;. '"^tltLilc of Agriculture, f orestrv. and fiome f cononiics, 
_ ^PL^<-r>ii> __'>t \iinticsota. St, Kiul, \Im 
Vlanaji J Koshl.ifuj. Priytessor (ff .lioctenoTof^y ^^^^^^^ Uhiver- 

s)1vof C alitoThia. Berkclc>. C alilorriia 
Jost'ph M Pcttit. Prcsufeni, Cicorjiia Institute of technoiog\, Atlanta. 
(iC(>riiia 

\tcAatulcr Rich, Sed^^Mck Professor of_ Bioph\sics\ Massachi^setts Ihsti- 
tiilc of tcchnoUij!\. Canlhrldpc. Massachusetts 

Terms fx pi re \fay 10. V<^~H4 

I c\\ IS \1 Hr.irisconib [Clutirman, National Science Board), y'ice-President 
and Chief. Scientist, l/ilcrnational Business Machines; Inc:, Arniohk; 
Ne\< ^ ork 

f uecnc H C iua-Robles, Professor oj Biology, Biology Board of Studies, 

I m\crsit\ of C aliftirnja. Santa C ru/. C'aHfornia 
\ rncstinc I rictll. Dean (tf .Arts and Sciences and Trinity College and Pro- 
. _ fe^sttr (tf Anthropology^ DrU<e t hivcrsitvv DLirhUfrl! North C'ai"oliria 
Michael Kasha. DiKtinguished Professor of Physical Chemistry, Iristitute 

of Miiiecular Bioph>sics. f londa State L niversity. Tajlahassee, Morida 
Walter I. .\Iassc\. Director, Argonnc National Laboratory. Argonne. 

Illinois _. . 

Das id N . Raeohc. President. C ase estern f^eserve I 'riiversity, C levc- 

Lirid. ()hio 

I dvMn 1 _Salpctcr. / Ci [^'hite Professor of physical Sciences. Ne^^man 
l aboratory of Nuclear Studies. Corndl University. Ithaca. Nev^ York 

(' harJcs P Slichfcr: o/ P^v;*/(:v: C hiversit> of Illihois. L'fbaha, 

Hiinois 

Term's Kxpire May 10. 19S6 

.la\ \ crn Beck; Professor hmeritus of M tirohiology\ Brigham "^t'oung I" ni- 

\crsii \ . Prov o. l iah 
Peter I [ la\vn. President. L ni\ersjty of Texas, Austin. Texas 
'^^''f>. J. i 'V<''.^'!<'V^/'t.'- V^^l^cd Oil Products. 

I he <'/ppr4ite Research Center, Des Plaines. Illinois.. 
PcfcrT) t ax; Prof'essi)r of :\1athematics. Courarit Iri:sIiiiJte of NIathcrriatical 

Scieiices. NcvC ^l ork I hiversii\. New! York, N^ York 



Hohier A. Neal. Dedh of Research and Graduate De\'eTopnient and Professor 
of Physics, Indiana University, Bloonnngton, Iridiana 

Mary Jane Osborn, Professor and //eat/. Peparlnicnt of MicrohTofogy, 
U' n i V e rsj I y o f C o n ncct i c ut Sc h oo 1 of M ed icin e; I a rm i n g ( oil : Co n hcct ic ut 

Ddriald B Rice: Ji-;, President, The Rlinct Corporation, Siuila Monica, 
California 

S t u a r t A . R ice, Fra nk P. Hi yon D is ting u i\hed Seryice_ Professo r of Chem- 
istry, James Fra nek Institute, University of Chicago, C^itcago, Illinois 

7erms Hxpire May 10, IQHS 
(laght Vacancies) 

Merrjher Px Officio 

John B. Slaughter [Chairman, lixecutive Cuhiriiittee), Director, National 
Science I ouhdatioh 



M 



"'^!'"^Kr;' i_ Officer. National Science Board, Nationai 

Science I oundation . ^ 



NATIONAL SCI ENC E_ FQl S D ATION ST A FF 
of September.^, 1982] 

Director. John B. Slaughter 

Deputy Director. Donald N. Langenfterg 

P'/.fVl ^J^: QfUc^ ^1 ^ ( QPH ortunity. Perry U . Hooks 

General Cpun.sel. Ch'JivWs HcT I 

Director [Admg]. Office of Goyv foment and Puhllc Frogfdrns. Thorn as Ubois 
Director. Office of Planning and Resources Management . M. Kent Wilson 
Director. Division of Budgft and Program Analysis. L. Vaughn 
B 1 a n k e n s h i p 

Director. Division of Planning, and Policy Anafy.siy. Jrv^Jh M. Pikus 
Direct or. [Acting]. D i vi.s ion of Prog ram Development . M . K c ri t W i I s o n 
Director, Offtce of .Audit and Oversight. Jerome M. I'rcgeau 
Director. Office of Small Business Research and Development. Theodore 
A\ W irlhs 

Direc tor, Office (>f Srtialf and Disadvantaged Bu.sl^^ CiiTizdtion, Theo- 
dore SV . W irths ' 
Director. Office of Scientific Oiyan Drifling^ AWcn M. Shjnn 
Director. Offtce of Scientific and Engineering Personnel and Education.^ 
a Iter I. Gillespie 

Executive Director. Sdtiohdl Science Board Commissidn on Precoifege Educa- 
tion in Mathematics. Science, and Technology. Richjird S. Nichqlson 
A ss is tant Qi>ect or [or Ma the ma tical a nd Physic a I Sciences . I ■. d w. a r d A . R n a p p 
Deputy Assistant Director [Acting] for Mathematical and Physical 

Sciences. Ronald Kagarise. 
Di rector. Division of Mathematical and Computer^ Sciences. Ettore 
I infante 
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lym-.tor. lytVision of Vhv.sics, Marcel Hiirdoii 

tor. Division of Chemistry , I ijw.ird I ijij^l;iycs 
. Ihrt'i tor [Ai tin}*]. Divisum of Materials Research, I.cvvis M. Sosnnim 

■\\yi<t'iint Vireilor for iLn^itVcerin^, Jack 1. S;indcrson • 

7><7>i//i Assistant lyirertor (or Khf^ineerinj^, C arl W ; llalJ 

Ihrei tor, nivision of iJeVtfit ii}, Computer, and Systems Kngineyhnj^. 

. i iicima A i.slriti ^ 

Ujrei tor, Division <»f Chemical and Process Eni^ineerinji, Marshaii M , riti. 
Virector, 7)iuKion of Civil ami Vjivironmental Engineering, W'illi.nn S. 

HiJtciicr . * , 

Director. Division of Sferhanical Enf^inevrinfi^ and Applied Mechanics. 

Ra>. \l. f)o>vcn. ... ... , 

A \\t\ttift1 Director for liiological , Behavioral, and Social Sciences, l\. 
( Kirk ' X . . 
Deputy A wtsiani Dirrctor for Bioioj^icah Behavioral, and Social Sci- 
ences, ko[)crl Kabin . 

Direcli>r [Acting]. Divisitm of Physiology, Cellular and Molecular 

BioToiry^ J.irT)cS W Brawri _. . . .. 

Director. Division of Kn\ironmental Biology. Johii L. Bri)t)ks 
Director. Division of Behavioral and Neii^ H'^^'l'"!'^ ^ J::*:^"^.^'^ 

Director [ Acting]. Division of Social and Economic Sciences, James 1 1. 

Bliickruarl - _ ' . 

Director. Division of Jhforfnation Science and 7'echhotogy. tMward C. 

VN c^s\ ' i 

Awistani Direclnj- for Astronomical. A trnosplu'ric. Earth, and Ocean^ Sci- 
ences. 1 raricis S. Johnsiin - 



Deput-V Assiyjdnt lyire'clor for Asmmomical. Atmospheric. Earth, and 
^- . Ocean Sciences. Albert I Hridgcv^ atcr 
'l^ l)irector. nivision f>/ 'lv/n>^forMjr<i/ ^rit'ntr.v. I. aura I'. Haiil/ 
Djrrctor, Division (>i ^^tniospheric Sciences, l.'ugcnc VV. IJicrly 
Djri'clor, Division of Enrth Sciences. Jiuiics I-. .Mays 
Uitectnr. Divi.sion of Ocean Sciences, M;. Cira]il.(iros.s. 
Director. Division of Polar Programs. !-.dw;ird I', I odd 
'4ijMiont Direct()r for Scientific, technological, and International A ffdir.s. 

. R^iiard I (irccn - . 

''Dfputy Assistiint Director f()r Scientific: Technological, and Interna- 
tional Affairs. Leonard I.. Lcdcrhiah- - . . 
^ycmr. fh'vision of industrial Science and TechhoTdgical Innovation, 

[)onui_d Scnich _ 

^trrclnr. Division of Intergovernmental and Puhlic-Serxice Science and 

r*'chnoTogy, Alexander 3: MOrin .. ... 

Ihrector, Division ^ International Programi.' Bodo Barlocha 
« 'i)ireci<}r [A ctjng \ . Division of Policy ReM^arch and Analysis. Ki'ibcH R. 
^ . _. 1 rumble J - - - 

^ l^yccior. Divisiiih of. Science Resources Studies. C harles \'. Talk 
A ssisiai^^irector for .4dnu^^^^ 

Deputy Assistant Dirycttir for Administration. Kurt Ci. Saridved 
^ Director, I )i vis ion (\f ^irants and[ Konjracts. '^hyyM^/'^..^-- ^^l''^ 
Director, Division of _l_n1 ormgtion . Sy5_ terns. C" o n s l a n e e K . M.c L i n d o n 
Direc or. Divi.sioh of Per sonhH end Management . IredW. Murakami 
Dire^ .vr. Division of linancial Mdndgerfieht. KehhcOl B; ! oster 
DirC\'i('r,^Di\i.\ion of Atiministrative Services, Troy T. Robinson 
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Appendix B 



Financiai Report for Fiscal Year 1982 
[in thousands of dollars] 



Research and Related Activities Appropriation 

Fund Availability 

I'isc;il year 1982 appropriiition 

DiiobligatCd balance brought forward 

Recovery of prior year obligations 



f iscal year I9S2 availability 



$971,595 
771 
5,031 



. 1977.397 



Mathematical arid Physical Seierices: 

M a t h e ni a t i ca I Se i e n cos 

Computer Research 

Physics 



Obligations 



Chemistry 
Materials Research 



Subtotal, Mathematical and Physical Sciences 



lingi nee ring: 

hjcctrical. Computer, and Systems Engineering 

Chcmical-and Process Engineering 

Civil arid Hrivirdrimerital Eriglrieeririg 

Mechanical Engineering and Applied Mechanics 

Interdisciplinary Research 



Subtotaj, Engineering 



$30:4S9 
25,745 
75.323 
61,356 
79.930 



$25;6S2 
20,273 
29,953 
17,072 
306 



_$2: 72,843 _ 



$93,286 



Biological, Behavioral, arid Social Seierices: 
' Physiology, Cellular and' Molecular Biology 

Environmental Biology, 

Behavioral and Neural Seierices 

Social arid Eeoriomic Seierices 

Informaiion Science and Technology 



SublotaL Biological. Behavioral, and Social Sciences 




SI 76.597 



SOURC liS: Hscal Year I9S4 SUpplcrheritafy Bydgel Schedules, Fiscal Year 1984 Budget to Congress and NSF nccouniiiig records • 
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Asiroiioitiical. Atinosphcnc. I'aftli. and Occiin Sciences 

A St fi) no 111 icai Sciences 

A tnu) spheric Sciences ^ 

(uirth Sciences . . . .■ W ^ 

Oceaii Sciences . ... ^ ........ \ \ \ w :::: \ - - ■ 

Arctic Kescarch Program . . ; 

Subtotal, Astronomical, Aliliosphefic. Larfh. and Ocean Sciences 
U.S. Antarctic Prograiii 



Ocean Drilling Programs 



Scientilic. Technblogical. and rnternational Affairs: 

Industrial Science and Technological Innovation ... ......... . . 

intergovernmental and Public-Service Science and Technology 
International Cooperative Scientific Activities 

Policy Research and Analysis ^ 

Science Resources Studies 

Coordinated Agency-Wide Research Activities . .^. . : . . : 

Subtotal. ScientiHc. Technblogical. and Iriterriatibnal Affairs 



Program Development apd Management 

Subtotal: obligations • 

Unobligated balance carried forward ^ • • • 

Unobligated balance lapsing 

^ Total, fiscal year 1982 availability for Research and Related Activities 



29.489 
75.030 
S;S98 



$12;S99 
500 
11.583 
4.600 
3.I3S 
7.604 



$68,505 



J2d.00d 



$40,3^4 

$63.182 
$974.59 0 ^ 
_ j2.347 
$460 
$977,397 



nation 



Fund Availsbility 

riscal year 1982 availability [apprbpriatioh) 



$20,900 



Obligatibris 



Scientinc Personnel Improvement 

Science Education Development and Research 

Science Education Cbmrhuriicatibn ^ ... 

NSB Cbmmissidn on Precollege Education in Mathematics, Science, and Technology 



Subtotal: obligations 



Unobligated balance lapsing 

Total, fiscal year 1982 availability for Science and Engineering Education Activities 



$16,745 
2.672 
1.186 
294 



$20.897 



$3_ 

$20,900 



Special Foreign CMfrency Approprlatipn 

Fund Availability 



FiscuJ year 1982 appropriation 

Unobligated balance brought forward 
Recovery of prior year bbligatibhs 

Fiscal year 1982 availability . . 



$5,080 
1.550 

-2 



$4,628 
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Oblit^alibhs 



Research mul Related Activities 

IJnobjigaied bajanee carried forward 

Unobligated balance lapsing : . . 

- , _ ♦ 

Total, Hseal year 1982 availability for Special I 'oreign Currency Program 



$918 
$55 



Trast Fand 



' Fund AvaiiabllUy 

Unobligated balanee brought forward r-^ 

Receipts from nonfederal .sources > . 

Recovery of prior year obligations > . 



Fiscal year 19S2 availability 



$4,:107 
10,227 

597- 



$1^,131 



Ocean Drilling Programs 
Ciiftsand Donations ^. . . 



Obligations 



Subtotal, Obligations 

Uriobligate^ balance carried fcy-ward 

Total, fiscal year 1982 availability for Trust Fund 



$1:1,^64 
14 



$13,278 
$1,853 
$15,131 
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Patents and Inventions Resulting from Activities Supported bx th^ Nationai Science Foundaiioh 



iiuring iiscai year 19S2. the houndalibn received 102 mvcnlibn disclosures an^ made rights determinations on 93 of those 
inveiUiohs. These resulted in dedication to the publir through publication in 7 cases, retention of principal patent rights by the grantee 
or inventor in H4 instances. and'^Uansfer to otttt^ra^verrirnenl agencies in 2 cases. The foundation received licenses under 36 patent 
applications filed by grantees and contractors \/ho had been allowed to retain principal rights in their inventions. 

The f oundation published a new patent regulation on August 30. \y^2 [Federal negisier: vol 47; ao. 168. pp.. 38124-30. to be 
auliried as part 650 of title 45: Code of Federal Regulations]. This new regulation implements the Bayh-l3ole Act |35 U.S.C, s^^^^ 
200 ei seq.\ and allows small-business firms arid nonprofit brgariizatiOri.s. inclading universities; normally to retain tne principal patent 
rights to their NSK-sopponcd invention.s. The allocation of rights to inventions made by other caregbries oj grarite 
normally will continue to be madefiy the Fburidatiori after irivehtions are identiried— i:e.. on a 'deferred determination ' basis. 

Because th?Bayh-bole Act eliminates the need for Institutional patent agreeriierils. NSF caric^lled all IPAs in September 1982: 



The following U.S. patents issued from research supported by the National Science Foundation during fiscal year 1982: 



Number 



Title, 



Institution 



4:26S:46S 

4.27r.fi:4 

4.27 S. 646 

4.292.242 

4.29X654 ' 

4;29.V7X3 

4.297.6 IS 

4,305,X8n 

4. .107.241 

4, 1.343 

i:3lS.149 

4.316.140 

4.317.0S4 

4.321.0X6 

4, 32 1.3 13 

4.321:467 

4.326.X98 " 

4..129.2()() 

4.329.208 

4.330.621 

4:330:761 



Method oi' Accelerating the Cooling of Polymeric Articles 

Thin Platinum Films on Tin Oxide Substrates 

Ox-idative Removal of Hydrogen Sulfide from Gaseous Streams 

Productiori of ArriineJi 

Ccii-Cuiturc Microcarriers 

Storage/Logic Array 

High-Current Density Cathode Structure 

Prbces.s for Preparing 24-FluOro-25-Hydroxycholecalcirerol 

Ring Expansion arid Chain- Extension ■Proce:ss and Reagents , 

Apparatus for Breaking Rock or Cbricrete ^ ^ 

Mass Spectrometer 

Charge-Flow Transistors 

Oscillator That Includes y Charge-Flow Transistor 
Preparatiori of Micrbri-Sized Metal Droplets 
Elect rogenerative Reduction of Nitrbgeri Oxides 
Flow Discharge Ion Source 
Method for Forming Material Surfaces 

Method arid System for Selective ;3ilkaline Defiberization and belignification 
Molhod and Apparatus Tor Cbrivertirig Ethylene to Ethylene Oxide 
Assay for Aminoglycosides ^ — 

High-Power Gas Laser 



Ma:ssachuSetts Institute of Technology (MIT) 
Uriiversity of Florida 

Unfversity of California ^ 

SRI International 

MIT 

MIT 

Uriiversity of California 

Wisconsin Alumrii Research Fouridatibri 

Wisconsin Alumni Research Foundation 

Terraspace; Inc. 

Uriiversity of Nebraska 

MIT 

Mit 

Wisconsin Alumni Research Foundation 
Wisconsin Alumni Research Foundation 
SRI Iriterriatibnal 
MIT 

University of Washington 
MiT 

Wisconsin Alumni Research Foundation 
MIT 
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Appendix D 



Advisory C oimyiiuees for Fiscal Year 1982 ^ 

0 



N 8 t|o " a J S c 1 e n c e B bard C b m m I s^i on on 
Precoijege Education In Mathematics, 
Science, and Technology 

(icncraj Leu Ajicn. Jr. 
'C hicl ol SialTlKcJ.). t);S. Air j orcc 
Washington, D C . 

V ictoria Berlin 

A s.si)CKi t e C Dill 111 i ssj on c r lor 

Ciciicral liducatioii 
i cxas I- ducat ion Agency 

Cicorgc Biirrict, Jr. 

C'lu'irnian, Nuclear lingincering Department 
Iowa State University 

Willi a hi T. Coreiiiari. Jr. 
Attorney, O'Nielveny and Myers 
VVashington, D.C^ 

jjitertainer; liducator 

C i ree n 11 eld , M assac h usct t s 

|)aniej J. H vans * 

President. Hvergreen Slate College 

( ) Iv h 1 p i a ; Washington 

Donald S. Kredriekson 
Scholar-in-ResidcncCv _ 
National Academy of Sciences 

Patricia A I bjerg Graham _ 

Dean: Graduate School of Education 

Harvard University 

Robert E: Jiarson 

President. Systems Cbritrbl, Inc. 

Palo Alto. California 

CiCTald D. Laubach 

President. Pfwer. Inc. - » 
New York, I^w York 

Katheririe P. Laytbri 
Tea eh er , M a t he m a t i cs D epa rt m e nt 
; Beverly Hills High School 

Ruth B. Love ^ 
General Superintendent 
Chicago Board of Education 

Art uro Madrid Ij 

President. National Chicane Council 
.. on Higher Educatibh 
Washiriglbri. D.C. 



Frederick M_o;stelIer 

Chairman. Departhierit of Health Policy 

and Management 
Harvard University 

M. Jbari Parent 

lirsl yice-l*resident 

National. School Boards AssociatiOli 

I'oley: Minnesota 

Robert W'. Parry 

Pr o f e s s o r o f C h e n i i s ( r y 

University of Utah 

Benjaniin V . Payton 
HifC&dent 

Tuskegee Irislitute. Alabama 
JosepJl E:. KoWe 

Vice-Presideiit. General Manager , 
H>:'_''r''^.5^_n^i'^"'.'l'^_"_^^^^ Programs Division 
Melbourne. Florida 

Cecily Carinari Selby 
Chairman^ Board of Advisof^s 
North Carolina School of 
Science and Mathematics 

HerbeS^ A. Simon . \ 
Professor of Computer Science \ 

and Psychblbgy 
Carnegie-Mellon Uni.versity 



OFFICE OF THE DIRECTOR 

Alan T. Waterman Award Committee 

!^^nn.'^Vf?_f-_'^_rrow 

Professor'of Economics . ^ 
Stan ford* University \ 

Richard B. Bernstein 
Senior VicerPre.sidejlt- 
OccidenXal Research Cbrpbratibri 
Irvine, California 

D. Bromley 

Henry Ford ii Professor 

Wright Nuciear Structure Laboratory 

Yale^University 

Jewel Plummer Cobb 

President, Caiifornia Stale University 

Fuiierton,*Californja 

193 



M'i^retJ S. bressrihaus 

Professor of Electrical Engineering 

Massachusetts IrisiitiSie of Technology 

Wiiliam E, Gordoji 
Provost artd Vice-President 
Rice University 

David S: Hogness 

Prbfe.ssbr of Bibeheriiistry 

Stanford University School of Medicine 

Mafclg,Kac 

Prbfessbr of Malhemafics 

University of Southern California. Los Angeles 

William J. McGill 
Muir College 

University of California, San Diego 

Edward M. Purcell 
P/oi^'^5pr of Physics 
Harvard University 

James D. Watson 

Director. Cold Spring Harbor Laboratory 

Berijamiri Widom_ 
Pr^lt'ssor Of Chemistry 
Cornell University 

Ex Officio 

Lewis M; Branscbmb 

Chairman. National Science Board 

Courtland D; Perkins 

President. Natibrial Academy of Engineering 

/ — 

Frank Press 

President, National Academy bf Sciences ^ 



Committee on Equal OpporlQnltlet In 
Science and Technology 

P^ti Colesto Ahshapanek 
Biology Department 

Haskell American Indian Juriibr College 
Lawrence. Kansas 

Carol- Jo-Crannell ' ^ ■ 
NASA Gbddard Space Flight Center 
Greeribelt, Maryland 



John B. Slaughter 

Director, National Science FoLiridatibn 
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Alc.xariUcr CfO/.. 
Dcparimcrit ol" HnvironmchUil 

Populaiion ahd Ortiariismic Biology 
University of Colorado 

jicari oi.Uni.vcrsiiy C\)Ucg^^ 
tliilversily of the District oi' Columhia 

Rohcrl A. I;mncn ' 

I-x.ecutive Director qi' Mathcnialjcs. t 

Khgin^Cf ing* Science Achicvemeni 
University ol' California, Berkeley* 

John ft: Ciihson 

Dean. School of l-ii^ineefiffg 

and Applied Science 

University of Virginia 
« 

Rohert M. Marvey 
Vice-President, 
Knoxville College 

Liili S, Mornig 

Kxeculiye Director 

Higher tduCaxion Resource Services 

V\ellesley College 

Clara Sue Kid well 

Associate Professtir 

Native Arnericari Studies Program 

University of Caiifornia, Berkeley 

[)iaha Marine/ 

A ss_oeja^e Professor 

D_e pa rt men t q f Nat u r aj Sci cnee 

Michigan Stale University 

Cora B. M arret t 

Pro l essor o f Sqci o I ogy 
Uiiivei'siiy of V\ isconsin 

Sheila Pfafflin _ ^, 

American Telephone & Telegraph Company 
Morristbwri, New Jersey 

Margaret VV; Ross iter 
Office for History of 

Science and Teehriology 
University of California, Berkeley 

Danuta K. Smith % 

A RCO Chemicai Com pan y 

Philadelphia, Pennsylvania 
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i ni%ersii\ t)j I loruia. St. He Nhiscuin 

I C raip Morris 

Aiiieric.iM N!uscuin ni Naiurai HiUt»f% 
New S ork C it\ 

Jeltre\ K I'arson^ 

I jii\ crsit \ ot M icIii^Mii * 

NaoMii (^uinn 
1 )iik e I ' n i\ ersi I s 

( harles I Kcihnan _ 

State l'ni\ersit\ ol Neu ^oik, Hin^liaintoh 

\ie\ei Kulnn 

IIS ( ieolo>»ical Sur vc\ 

i)ou^ias \\ Schwartz 

Sl hool ol Ameitcan Kcscaicli 

Sarila I c; New Me\iCo 



( I Sy illiaiii Sk iiiiH'i 
Sl.iiil(M(l I U\{\ ersii\ 



\tin/e Siuivci 
pi'parliiicril oj ( icolo^n 
lUnvi'isity ol W ash Illicit on 

K I iviii i .lyioi 

llmveisiiv ol ( alitoiMi.i: KivitskIc 
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I ni\crsil> of" V irgiriKi 



1 "ii-'^L^Vf-^s^.^vX 

Southern NlcthodiM rniNcrsit\ 



Suhpanel for Linguistics 

\aTl in liniu'ru fv linguistics departments 
unless otherHise tisl'ed] 

Melissa H«)\Kcnn.Li.i 
iUircMu ui C hilJ Research 
I ni^ersiiv nt Kansas 

\jicHael I Krauss 

\iaska Sati\e I .iii^iuage C enter 

[ tiiNersiis »)t \Iaska 



Siisunuj kuiiio 

I larN artl I nisersit s 

l*eter I MacNeilaiic 
1 jii\ersil\ ol t exas 

tJrian Mac W htnhe> 
l)epartnicm ol i*s\cluilog> 
( arncLMc- Mellon l•n1^ersll\ 



( iillkiii Sankul't 

I (IIM.TS11V nl l*eiins\ j\ anta 



SiJ^riine^ for Memor\ uml X'o}imti\e Processes 
\iilf m uniyeruf\ psvcftolotiv Uepuriments 
/i/;/t'\\ i>ther\si\e lisieJ] 

i \ u\\ ( »uipcr 

( orncil i in\ersit> 

M.iriiara Ha\es-Rotli 

( onipiiter Science Dcpartiiieiif 

StaiilurtI I in\ ersiiN 

hfhorati ( kcniler 
S\\ .irlhrnore ( *iHe^c 

VV jUer K ml sell * 
i iYtvrmt^i^M-t»lor.ulo 

I kI K l.ilir 

( ariH-t'ie \lelloti I ni\crsif\ 
Marv < I'nttcf- 

Njassaelniseils InstiUiic ol lecfvnolo^^ 



Suhpdnel for .\ eurohiolo^l 

VV ilhain \ ( .I'lCfan 

I )ep II itni-ni n| IMmi tn,icoli>^\ 

( in^rrsiU ot W aslnnf.'h>n 



D.inj'las ( iMlot) 

DrpaMrnrnl nl. PIinsioJo^'n .nnl Hiopiusics 
I tn\t rsii\ nl I f^-is Metlical Miattcli 

J liniuas I liK-^ ... __ 

I ).-paM inriit ot . I'lu sinln^' ^ atui liiofiliv sk s 
( : iiisi'f -at \ oi llliiinis 

I I, i hrit M . < .i jiri 

( i AU ye nl Mi <liv iiif. antl I h nli.st r v • 
j<ulfTf. I rii^tisils Meilitiil S«ln»ol 

Mu li.ii-l I '( .oMIu iK 

I .it>oiai.>i\ «'t Si-iisnl iiiioloi Ncntoiis 

N.ilioiiai hisiitnies ol I U iiltli 



kalhcrinc Kalii _ 

lOepartnicnt of. Anaioniv . . . . 

L'riiversiiv. of W isconsin Medical School 

A'tiel Lajiha. 

Center for NeOrochcmisirv 
Rockland Research IristiiUte 

ReHl-kah toy . 

Department of Neurosciences 

I'niv^-rsity of California, San Diego 

I- - 

John y. Marshall 

L)epartnient of Psychohiotog>\- 

l)iii\crsii\ of California. jrvin<i 

Rtinald A. Pieririger 
Depart merit of Biochemistry 
Temple Universitv 

Depari.ment of Anatom> 
Cdinmbia tJniversitv 'V 



[)amel Weinreich 

Departnient of Pharinacolo^v 

and lAperimehtal Ther;ipeut.ics. __ . 
rniversitv of Mar>land School (if Medicine 

Siirah S, Winans 
Department of Anait>h1v 
I Ini^ ersity of Miehigan 

Jelfrev J Wine 
Department of Ps\cholog> 
Stanford iJniversitv 

Suhpanel for Pwchohiolofiv 
[all in universii v p\\ chofo^\' depontnents 
unless olherWise Tinted] 



Jeffrev R. Alberts 
Indiana I tiiversitv 

\i\ ron C liarles Haker 

Departnient of /tiol(>>j> and I ntoinologv 
C olor.ido State I 'niversitv 



IMrillip Best 

\ 'niversitv of \ irginia 

i . Rof>ert Hriisii 
Purilue I )tii^ersit\ 

I ei> S Dernski 

School ol Hiological Sciences 

I Itii\etsily of Kcntnckv 

Da\i(j A. ( ioldfoot 
\Visci>nsin Regional l*ri;ii;ite 

Research (. enter 
I iiu\ersitv of Wisconsin 

Kalheriiie S K.ills 

US I ish and W lUilile Service 



kohert A Rcscorla 

I Iniversilv ot l\'nris\|variia 

( Ivarlcs j* Shnn|> 
I Itiivcrsitv t)i i Uali 

j<atHl\ I liorriliill 

pcpartiiinii ot i*n>iogv 

I liii\crM(\ n( Nc\^ \\c\\( n 

( n'orgc Si W ade 

I liiivc rsitv ol Massat liusctts 



Suhpanel for Sensory. Physiology 
and Percepii()n 

Robert B. .Bark>vv. Jr. 
Institute for Sensory Research 
Syracuse University.. 



Kord F. Ebner _ 

[)ivision of Biology and Ntedicine 
Brovvri Uhiversi(> 

M arcus Jacobson 
Depart rli e h t i) f . A n a t o m > 
University of Utah 



Jon H. Kaas 

Depar-(ment^ of Psycholog\ 
N'anderbilt Uhiversitv 

Herbert P. Kijiackev > 

Depart mehl of -P-sychobio.log> 
Universil> of California; Ir-vine 

Merschel W l.t.eibovMl/ . .. . . .. 

hvan Pugh Professor of Psychology :^ 
i»c'nns\ivania Slate Uni\ersit> 

Donald I. Mact-eod 
Department of Psychology 
liniversitv ol' Caiifornia, San Diego 

- A 
Walter Makous 
C eiiiCr for Visual Sciences 
U'niversity Of Rochester 

Charlotte Nl. .MiMretta 
Oral Biology. Di-'parlnienl 
i tiiversiiy of Nticliigail 

A roil A : Ntoscona . _ 

I aboratory for Developmental Biology 

I niversity of Chicago 

l»aul M. (.)T;agae . 
Department of Biology s. 
University of C alifornia. I. os Angeles ^ 

Larry A: Palmer 
Deparlrnent of Aliatoiivv 

i I niversity of Pennsylvania School of Medicine 

Richard I . Sidhlan 

Depart meni of Neiirosclence 

( hildren's Hospital Medical ( enter 

Virginia M leiiiiysOi) 

j)epartment of Pathologv iiiid Anriioiiiy 

( iilunihia i 'niversiiv 

Richard ( N an Slii\ters 

Sciinol of ()pioiiieir\ 

t'niversilv ol ( alitoriiia. Berkeley 

Dcpaitment oi ( oininiinicati\e Disonlers 
Northwestern I aiiNcrsitN 

W illiam .S osi 

Paniily institute. joNola jiisiitiite of ( hieago 

Suhpanel for_ Soi ml and 
'lyvVvhypmcniu^ V\\cht>lo}i\ 

Aiidlcvv S Baiiiji. 

hcjiaiitiu-iii VA NUdual Psvtlmlttgv 
i :niioinH;ii Sei vuT'. ' ' "i;^ ^ i '''' ^ 

ol tiir iiy^iiiji.y'*'"^* 

Mctliesd.i; Maivhnul 
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Kcul Hastic . . 

Dcpiirihrchi o\ Ps>chviioi:> 
\i>rUnvcsli.'rii I nivcrsii> 

J«)hirC M asters 
V aiidcrbill Irisiiiiiic tor I*ublic 
iVihc'v Sliniics 

Jaiic A. Pilia^in 

I crsit> ol' \\ iscuiisin 

KciK ci. Shaver 
pcparttncm t)t' W\ chojni!\ 
( olk'pc o\ VV illiafu and Mar> 

iMiiLp /j.-la/<^ 

\cM l iielaiui Mcthcal C enter HospiUi 
I cuts \ ni\c'rst(\ 



Advisory Panel, for Social and 
Economic^ciences 



<7 litr Di'ci>i( 



SuhfHtncl for Dfci^ion and 
I rlirik M H.iss 

I ni\LTMt\ o{ I c\as, Rii.-lia'rdson 

Mtrcd IllunisU'in 

rhan and Public Mtairs 
( arncyic- Mellon I rn\crsit\ 

lliliel \ i Hiiiorn 

I )ireci()r i>t itic.C enter tor 

. Irdnrinaiion KOsearCti 

I iii\OrMi\ .it C IikmiIo Kusiiiess ScHooj 

JaincN i t \1 .1 rcb. . _ ' 
DOfvirtriiCTii ol Hieber I ducHiioii 
Si;ihti*rd I fn\ersii\ 

S.anjux K ,_ M itfei 

Dirccloi. I abora(or\ tor I n tornuK lor- 

and I Hx ish iij .S\ sIlmiis 
\lass;ichiisetts Irisiuute of Teehru)loi:\ 

\ llioii VV M..Min.ii 

\\oo^j^ lioJc ( )cL-aiiOL'rapfnc hislilulion 



SlihfHint'l for If t (inoinii \ 
UiTI in j//i/irM//i Vi onomu \ iL'fHirutii'nts 



I r iiiiiaii \Vk:\\ k-\ 

\ oi I ii \N ^.•^^CI II I nj\i-isit\ 

< i.ir \ ( lialiibiM 

I t i \\\ \ oj is< onsif) 

J a 1 1 ) b \ I n' t i k (."■ I 

I I'f -li \ ( >l < lilt. .\y\ ) 

.\#ni I I. n'd I a en del' 

\1 av'.;i» liii'.etK I ii^i ii tiji- ol I erliii»>lof'\ 

jtcn [.irnt.ii. 1 i icdina n 
I Lii \ ai d I Mi V r j <,i I V 

< l.lUdl.l < M.ldlj) 

I IK \ ei .il \ I d l'i"nri>.\ Iv.iin.i 

( UW\W ■ Nt-lvMi 

I in \ t I -ir \ . i| W ,i-dnn>'tori 



I inis \\ cieh \ 

LnivcrsJt) of Cabrornia; tais Angeles 

Robert B, VVjison 

(iraduate Sehool of Business 

Stanford (:.'ni\ ersity 

Suhpanel for Geography and Regjonal Science 
[ail in university gi'ographv departinents , 
or schools unless otherwise fisted] 

William A V. Clark 
institute for Social Science 
L'niversiiy of Califorhia; Los Angeles 

Arthur Cietis 
L'niversit) of Illinois 

Siles M. Hansen 
pepartment of iiconojnics <• 
rnuersit) of Texas; Austin 

Susan !:. ij;>fison 
C lark I 'niversity 

John D Svsiuen 

I niversitv of Michigan 

David Ward 

I ersitv id W iscoiisin 

Suhpanel for Ui.siory and Fhilosophv of Science 

Ronald N. ( itere 
i)epartinent of liistor> and 

Phdosophv of Science 
Indiana I niv ei sifr i 

f rcdcric i.. Molnu-s 
.lie I M)\erNit> School of Ntcdiciiie 

pepartnient ol Historv 

I ili\ersit\ (d \\ iscoilsjii; Mib\aukee 



("harlcs I.. Rosenberg 

Department ot. Histoiv 

I lilv. ersit \ of I'eijiisyU aiiia 

I dull S>lla 

IK'parfMuMtf of I Ijs|or\ 

Noilli ( iiridiiia Stale I inversii\ 



Mas ( , van I raa_ssci> 

I K'partinciii dl I'liilosopln' 

I'rniecioii I 'ni\ersit\ 



Speiicer l< W eiii t 

AincMian Institute of l'h\sics 

Sew S Ork C \i\ 



Siih/Htnrl for /.du and Siuial Siirftcr\ 
[all in iini\rr\ii\ Ittu \chooh 
unless otherwise listed] 

( joidoii Bcrmaiit 

I edei al Judu i,d. ( entei 

V\ asbnif'ioii: I ) ( 

liiiss ( aii\\ ii^'jil 

Slate I iii\< isi(\ ol Neu i>ik, ihillalo 



Stewart Ma caul ay . : . 

Unive'rsity of V\ isCorisiri; Madison 

?^<'lb Moure . 

Department of Anthropology 
Harvard University 

A. MitehelJ Polinsky 
Stanfoi-d Universitv ^ 
Stanb)rd. California 



Suhpanel for Measurement Methods and 
Data Res()urces 

Nv)rnian BradbiJrri 

National Opinion Research C enter 

C hicago, lihnois t 

Robert V\ . Hodge 
Department of Sv)ciolopv 
L'ni\ersit\ of Southern C^alifornia 



StanU> l.ebergv)tt 
|)cpartnierU of liconomics 
VVesleyan Liniversit> 

Phibp j. Stone 

Departnieiit of I^s\cholvig\ and 
_ _ Social RcdatiOMs 
Hahard I i\i\ersit\ 



I )aM<l ( iu'eMl)i'i f 

I )epai Imeiil ol Socio|o)m 

New N Ol k I ni\ ei si[\ 



Judith Tanur 
I.^epartnient of Sviciolog> 

State l 'ni\ersit> of New S'ork. St<)n\ Brot)k 
C harles Tj|U 

Center lor Research on Svicial Or^ani/atKni 
\ ni\ ersd\ of Slichigan 

Kciinetli W . \\ achter 

Program in I\)pulatjon Researeh 

I ni\ersit> of C aitj'orma. Bcrkclev' 

SiVhpdnel for VoTiiical SVience 
[all in university poliikal science/ government 
departments unles s otherw ise listed] 

Jaiiics ( apdrasd 

(iraiUiate School of International Studies 
i ' liw ersity vf I^em er 

I flonla^ J. C ook 

Research I riaiigle Institute. N.( 

.bilin I .lackstui 

1 iii\ ersit) of Sj icing. m 

Ml.iii Korldierg 
Duke I 'm\ersii\ 

Rofiert D, I'litn.iiii 
llarA.ird I 'ni\ersit> 

Keiuu'lli Shejvsle 

V\ asbiii^'ioii I 'iii\ersit\ 

SuhjUincl for RegVildtion ntul I'olit v inalysts 
i )a\ hi l)ai ori 

( ii.idii.ite.Scbool ol Biisiiiess 
Slaiiloi d I i Mi\ ei 

( den I oiH \ , . 

I h'pal t iiieiit ol .1 i onoiiik s 

I 'iiiu'i sit \ bl M it liigaii 
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Roper Ci. Noll 

DiMsiOii ol the Hiihianilies and 

Soci.ii Sciences 
C alirorriin Inslitulc of fcchnoltiilN 

Susan R osc- A ck c r n M II 

Insliiulion lor Social aiul l\ilic> Jsiiuiics 
N ale I \ ersiiN 

v.. Kerr\ Sniilli 

[ )epar(itietii ot {•ct^rioniics 

I ni\crNit\ ol Nnrtli C'ariiliha 



Suhpant'l for SocioUygy 
[uU in imiycrsitv sociology dvpartnients 
unit's s i>{ her wise listed] 



Richard Berk 

I ni\ersit> of ( ahfornia. Santa Barbara 

boriN R. Lnt\M>lc 

Jotins llopkiriN L'niverstlv 

C harlcN nirNctiinan 
C (irriell I ni\crsilv 

Salhan KcvHl/ 
iiarvard IhiivcrsitN 

na\id Knoke 
liuiiana University 

(ierald Mar\\cll 

l'tn\ersil\ oi Wisconsin. Madison 

Marshall W. Mcvcf - 

I University ol C aliiorriia. Riverside 

Teresa A. SuHivinl 
I'opLilalion Research C enter 
I'mxcrsitv of Icxas, Austin 



Advisory Committee for Information 
Science and technology 

I hvvii R. Bcrickanip 

Deparimenis of M Jl4ieniatics, I^lectrical 

I iipiMeeriiig. and C'onipuler Science 
liniversily ot ( alilornia, Berkeley 

Jdari V\'. Brcsiiaii 

Departiheiit of Linguislics and jMiii(\sopiiy 
M.issaclujsctls liislitiitc of lechnology 

Riiilv M Davis 

i he IStnaiijriin^ (iroup. Inc. 

V\ ashington. !).( . 

I eon id I liiriMc/. 

i)cpartrnent ol l eoiioiiiics 

l :iiiversitv ol Minnesota (iradiialc School 



n. Williani Kocli 
Atnerii.iii liistiiute ol I'liysiCs 
ISt'w York ( ity 

K ' l)niican I a ice 

i )i:partnient ol INyclu^lo^jy arid 

Social Kclalioiis 
Harvard University 

i*aiil A. Strassinaiiii 
\i-X()\ ( orp»iratn»n 
Staiiiloril. ( »)nnccticut 



Riciiard i . Tanaka 

S> stoiielics, inc. 

I iillerion. Caiif'ornia 

Joe B, N^ yall 

V'.ice-Prcsidenl lor Adniinistratibri 
H;ir\ard LJhiversily 



DIRECTORATE FOR ASTRONOMICAL, 
ATMOSPHERIC. EARTH, AND 
OCEAN SCIENCES 

Ady [sorxC pm m Itt ee for 
Astronomical Sciences 



Jacques M. Beckers 
MMT Observatory 
University of Arl/orui 

ttric L. B.ecklin f _ 
Institute for A*^irofiomy 
University of MavvUii 

Bernard V . Burke . 

Massachusetts Institnte of Technology* 

RiCCardo Ciiacconi _ ._ 

Uireclor, Space -Telescope Science Institute 
johris Hopkins University 



Fred Gillea. 

Kilt Peak National Observatory 

Tucson, Ari/.oria 

_____ «J 

David R. Hogg 

National Radio Astronomy Observatory 
Charlottesville. Virginia 

Robert;! M. HuliipHrcys 

School of I*hysics and Astrorlortiy 

University of Minnesota 

Richard A. McCray 
' Joint institute fiu j.aboratory Astrophysics 
University of Colorado 



Ponald i:. Osterbrock 

l.ick Observatory 

University of California, Santa C ru/ 



peter IVsch 

Warner and Swasey Observatory 
l-ast Cleveland; Ohio 

Joseph Taylor 
Princeton Uiuversiiy* 

Artiiur M. Wojte 

University of Pittsburgh* 

Advisory Committee for 
Atmospheric Sciences 



jaines Anderson 

Cenler_.for li.irth and Planetary Physics 
Harvard University 

i)oniia W, Blake 

Naval Ocean Kesciirch arid 

Development .Activity 
Bay Si: I lUjis; Mississi[)pi 

Alcx^hdcr T Dossier 

Space Scieiices I iihoriitory 

Marshall Space i'light Cciiter. Aliibaliia 



John Ijr .Cicisler 
University of Utah** 

Michael Kelley 

School of Llecirical lingineering 
Co.rrioll University 

Margaret Kiveison 

Institute- of Oeophvsics and Planetary Physics 
university of California ' » 

John 1:. kut/bach 
Universitv of isconsin** 

#• 

. Volker Mohnen , 

Atmospheric Science Ri search Center 
State university of NcvJ York, Albany 

I-" rede rick Sanders / 
Department-of Meteorology and . 

Physical Oceanography. _ 
Massachusetts Institute of Technology 

Jesse J. Stephens 

i lorida Slate UniverMt>** 

Max SUarex 

University of CaiiCornia. l.os Angeles** 

Janies C> G; Wiilker _ 

Space Physics Research rabntitory 

University of Michigan 

Advisory Committee for Earth Sciences 

Thomas J: Ahrens 
Seisrridlogical liaboralory 
California Iristituie of Technology 

Charles U: Drake 
l)epartment of Karlh Sciences 
4 Dartmouth College 

Brunb J. Glleiti 
Brown Umversiiv*** 

Delinis fc: Hayes . 

I jepartrrierit of Submarine Toptigraphy 
i . anion t - Ds>hc r t y C ; e o I og i c a I Observatory 
Columbia University 

John Jiower 

Universitv of jilinois. Urbana*** 



John C. Maxwell 

[Jnivcrsily of Texas, Ausiih*** 



Robert A. Philihey 
•Department of Cieological alul 

Cieop h^si ca I Sciences 
Priflcelon University 

Albert j. Rowell 
tlniversrty of Kansas*** 

Brian j. Skinner 

Department^ of Geology and Cieophysics 
Yale U'l'vcrsiiy 

Peter J. Wyilie - ' 
li i iiti s ( i.eo p h y s i ca I j . a 1) o r a t o r y 
(Jniversity of ( hicago 



* physics departineiit 
\ liietetirology deparihielil or division 
•** geology or geological sciences depariinenl 



ERIC 



114 



APPENDICES 107 



I -Ah /cii 

I .S C ici)U)gicai Siirvcv 
N.aioiKii C ctUcr ^ 

SVdhioymtuttvc for Gedlfu'ttustrv ami Pciroto'gy 



Jiihli Ci, I.iiui ; . • 
Statitoril I ?ilivcrsitv* 

',\nihi)ii> J. Niildrcii. 

I nivcrsUv dC lorDtUi); Omario* 



Jaincs R. O Ncil. 
r..S..Cicoli)gic:il SiJ.rvcv 
Mciilii l*;ifk, C aliloniia 

Runalij C. SiirdaHi 

t iiivcfsilv o( VV vuniing* 

James B. Ihornpson 
IKifvafd t • nivcfsitv * 



\\ illiani R. V an .Scliinus 
I nlvCrsiJv ot Karisas* 



Suhconitnittee i\r Cn\>io)^y 



Hiirrcli C . lUirchiicI 

i)cparlnicru ot l arlh and Planclary Science 
MassaciujseUs inMiiiiic ol teclinolojiv 

Albert J. Row el I 

I [iivcrsilv oi' Kansas* 



Stanley A. ScMiiinin 
lieparlnienl ot I-arlh Resources 
C olorado Slate l'niversit\ 



Scott H. Stnilhson 
IJniversity of VVyoininp* 



Jiiliii i.. VK arnie 

C oiorado School of Mines* 

;Su/h ('>///»////*'<' for (ii'ophysics 
Keuti Aki 

Deparinient ot I arlh and Planetary Sciences 
MassacluiseUs Insiitute ol' TeClliloIogy 

John R. Booker 
(ieophysics Propraiti 
liniversit> of Washington 

Robert S. C oe . 

Deparinienl ot I-.artli Sciences 

Itniversity of C alilornia. Santa C ru/ 

Robert C ; I leberituLnti 

Departniehl of I ;irih and Space Scierices 

SllNY at Stony Brook 



Robert A. Pbiririey 
l)epartnient ot (ieological arid 

C ieophy sical Sciences ' 
l*rincelon University 

Advisory Committee for Ocedn Sciences 

Executive Committee 

Vera Alexaiukr 

Irisiitiilc ol Marine Scieiice 

I iniversiiy ol Al.iska 

* fieolofiy ()r jieciloj'iciil scieiilcs depiirliheiit 



Alice L. A.lldfedgc- 
Niarire Science liisiiiijte 
Universitv of Caiitornia. Sunia Barbara 



Robert Ci: Dean 



Departiiierii of Civil Lrigirieerihg 
University of Delavsare 

Robert A.. Puce 

tifaduate SehO_ol of Oceanography 
University of Rhode Island 



Richa^rd Lpf^ev ' 
Scripps Institution \)f Oceanography 
't:a Jolla; California 

John 1. Livsing 

Deparimenl of CJeology 

VVi)i)ds Hole Oceahogfaphu; IhstitLitioii 

Pjr_i^ |;r'^n^cnhcrg 

C urriculum in_Marine Science 

tJrilversity of North Carolina 

Robert Ciagosian 

Department of Chemistry 

Woods Hole Oceariogfaphic Iristitutioh- 

Cj; Ross Heath 

SchiH)l of Oceanography 

Oregl>n Stale University 

William j: Mcfrell: Jr: 
Departmetit t)f Oceiiriographv 
Texas A&M University . 



A Mail Robinsoii 

l)ivisioi^ of Applied Sciences 

liarvard Universitv 



C i)|istance Sancetta 

Lamon^-i)oherty Geological Observatory 
C'oluml)ia University 

vVw/?<7>/M^^///f <' for Ocean Sdenres Ki'searlh 

David A. Brooks 
Departnieht. of. Oeeanography 
Texas AScM Uliiversity 

Robert Ciagosian. 

Departrfient of Chelliistry. _ 

Woods fiole Ocean ographic Ihstitutioh 

Aha Cfargctt_ 

Institute of Oeeari Sciences 
Sidney, \\X .. Canada 



Arliold L. Cioi-doh 

Lamont'i)oherty Cjeolt)gical Observatory 
Columbia University 

John I. Hedges 

Department o\' Oeeanography 
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